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PREFACE 

This treatise is intended for the person who has not the 
assistance of a teacher and who wishes to study mathematics 
as applied to shop problems, as well as for students in regular 
classes. 

In the preparation of this book the author has had in 
view a threefold purpose : First, to furnish the apprentice, 
shop mechanic, and draftsman with a complete work on the 
mathematics used in modern shop practice. Second, to 
fill the long-felt need of a book for vocational training, 
which should take up the problems in such a direct and lucid 
manner that the student who has studied elementary mathe- 
matics can easily imderstand it. Third, to make original 
drawings that will teach mechanical principles and at the 
same time furnish a basis for the problems under considera- 
tion; that will require very little explanation to enable the 
student to obtain a clear conception; and that will teach 
him the value of drawings in the shop. 

The methods used in explaining these problems are simple 

and original and are the ones that have given the very best 

results in the author's teaching for several years. Similar 

figures furnish a simple method of explaining many of the 

problems herein contained. The similar-figure method of 

^ teaching trigonometry, together with the method of breaking 

^ oblique triangles into right triangles, reduces the use of 

"^ foraiulas to a m'inimum. By this means, a person having a 

7^ limited mathematical knowledge can solve many unusual 

practical problems. The continued-fraction method used 
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vi PREFACE 

in finding the closest possible gear combinations for a given 
ratio is the result of much hard study and is offered for the 
first time in this book. The method by which the machines 
for backing oflf spiral-fluted hobs and cutting spiral gears are 
treated acquaints the student with the mechanism in such a 
way that he is able to apply the theory to any machines 
doing this work. 

Many fimdamental principles are explained in the first part 
of the book for the purpose of simplifying the more advanced 
problems in the latter part. 

The tables of factors for use in gearing, the table of 
decimal equivalents, and the trigonometric tables, aside 
from their place as an important part of this text, will be 
valuable for reference in practical everyday work. 

If the student makes careful study of this book there will 
be very few problems in actual shop practice that he will be 
unable to solve. 

J. M. C. 

August 11, 1922. 
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SHOP MATHEMATICS 

I 

FACTORING 

1. The factors of a number are the numbers whose prod- 
uct is that niunber. 

For example, 6 and 5 are factors of 30 ; 7 and 2 are factors 
of 14. 

2. A prime number is a number that has no integral 
factors, except itself and one. Thus, 2, 3, 5, 7, 11, 13, etc. 

3. A prime factor is a factor that is a prime number. 
Thus, 6 and 4 are factors of 24, but 2, 2, 2, and 3 are prime 
factors of 24. 

To find the prime factors of a number, try to divide the 
number by one of the prime numbers 2, 3, 5, 7, 11, 13, etc., 
in the order named, until a number is found that will exactly 
divide the given number; repeat the same process with each 
succeeding quotient until the last quotient is a prime number. 

A number is divisible by 2, if the last digit is even; by 3, if the 
sum of the digits is divisible by 3; by 5, if it ends in or 5. 

The Table of Factors at the back of the book can be used 
to good advantage in factoring. 



EXERCISE 1 




Find the prime factors of the following: 




1. 35 3. 120 


6. 369 


5L 68 4. 123 


6. 420 


•^ ^ - 1 
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2 SHOP MATHEMATICS 

7. If one factor of 1739 is 47, find the other. 

Find two factors, between 25 and 100, of each of the following 
numbers. (Use factor table.) 

8. 841 10. 1599 12. 7857 

9. 1593 11. 8217 13. 9801 



II 

SIGNS OF OPERATION 

4. The sign + is read "plus'' and indicates addition. 
Thus, 6+4 equals 10. 

5. The sign - is read '' minus '' and indicates subtrac- 
tion. Thus, 6 — 2 equals 4. 

6. The sign X is read *^ times'' and indicates multiplica- 
tion. Thus, 8X6 equals 48. 

7. The signs -^ , / , — , are read "divided by" and indicate 
division. Thus, 8-^2 equals 4; 12/4 equals 3; f equals 2. 

8. The sign = is read "equals" and means that the ex- 
pression on one side of it is exactly equal to the expression 
on the other. Thus, 2 = 2; 6+4 = 10; 5X5 = 25; 94-3 = 3. 

9. An exponent is a small figure placed a little above and 
to the right of a nujnber or literal quantity to indicate the 
number of times it is to be used as a factor. Thus, 8^ = 
8X8; 9^=9X9X9; A2=AXA. 

10. The radical sign V indicates that the square root of 
the number following it is to be found. Thus, \/9 = 3; 
V16=4. 

11. If only + and — signs occur in an expression, the 
operations may* be performed in any order, although it is a 
good method to add all the plus terms, then add all the 
minus terms, and finally find the difference between the 
two totals. If the sum of the plus terms is greater than the 

3 



4 SHOP MATHEMATICS 

sum of the minus terms, the remainder will have the + sign. 
If the sum of the plus terms is less than the sum of the minus 
terms, the remainder will have the - sign. 

Thus, 12-6+4-2+9-18+5 = ? 

The sum of the plus terms equals 12+4+9+5 = 30. 
The sum of the minus terms equals —6 — 2— 18= —26. 
Then 30-26=4, and 12-6+4-2+9-18+5=4. 

12. If the + and — signs occur together with X and -i- 
signs, the X and -^ operations must be performed first, and 
then the + and - operations may be performed in any 
order. 

Examples: 

12X8-6+4Xl2=(12X8)-6+(4X12) = 

96-6+48=144-6=138. 

102-^6-6X2+6^3 = (102-^6)-(6X2)+(6-T•3) = 

17-12+2=19-12=7. 

Note. — That which is included wdthin the parentheses ( ) 
is to be treated as a single number. 

13. When the multiplication sign immediately follows 
the division sign, multiplication should be performed first. 
This rule is not always strictly followed; therefore, it is 
better to use parentheses in order to avoid ambiguity. 

Thus, an expression like 10-^2X5 according to many authorities 
equals 1, while some claim that it equals 25. 

By use of grouping symbols, 10-^(2X5) = !; and (10-5-2) X 5= 25. 

14. When several numbers are to be multiplied together 
the product will be the same, regardless of the order in which 
the multiplications are performed. 

Thus, 6X35X48, 48X6X35, 6X48X35, and 35X48X6,— all 
give the same product, 



SIGNS OF OPERATION 
EXERCISE 2 

1. 18-7+10-12-6 = ? 

2. 2-125-8+200-24 = ? 

3. 2+8X3-7X9+100-^-2 = ? 

4. 12+8X64-8^4+3 = ? 
6. 100-25X5+50=? 

6. 20-^(5X2) = ? 

7. (20-^5) X 2= ? 

8. (8X6)-r(3X4) = ? 



Ill 

FRACTIONS 

15. A fraction is an expression for one or more of the 
equal parts of a unit. Thus, |, f , and -^ are fractions and 
are read one half, two thirds, and five twelfths. 

When a fraction is expressed by two numbers it is some- 
times called a common fraction. Thus, ^, ^, etc., are called 
common fractions. 

Two numbers are necessary to notate a fraction and are 
called denominator and numerator. 

The denominator is written below the line and shows the 
number of parts into which the unit is divided. 

The numerator is written above the line and shows how 
many parts are taken. 

The denominator denominates, or names the parts; the 
numerator numbers the parts. 

16. A proper fraction is one whose value is less than 1. 
Thus, i, f , I, etc. 

An improper fraction is one whose value equals 1 or more 
than 1. Thus, f, ^, Y, etc. 

17. A mixed ntimber is a whole number and a fraction. 
Thus, 121, 2f , 1^. 

18. A fraction may be considered as an indicated di- 
vision. For example ^ means 45-^71. 

From this it follows that to reduce an improper fraction 
to a whole or mixed number, we must divide the numerator 
by the denominator. The quotient will be the whole num- 
ber, and the remainder, if any, will be the numerator of 

6 



FRACTIONS 7 

the fractional part, of which the denominator is the same 
as the denominator of the improper fraction. 

Example: Reduce -^ to a mixed number. 

Solution: 21 divided by 4 gives a quotient of 5 and a remainder 
of 1. 

Thus, -2^=21^4=5}. 

To reduce a mixed number to an improper fraction, multi- 
ply the whole number by the denominator of the fraction, 
add the numerator to the product, and place the denominator 
under this sum. 

Example: Reduce 8f to an improper fraction. 

o ^3 8X4+3 35 

Solution : 8 j = — r — = -j • 



Reduction op Fractions 

19. Multiplying or dividing both numerator and denom- 
inator of a fraction by the same number does not change the 
value of the fraction. This process is used in changing 
fractions to higher or lower terms. 

12-^4 3 12X4 ^ 48 12-^2 ^ 6 12X2 24 
I1.XAMPLES: 52--4"l3^ 52X4-208^ 52-^2""26' 52X2" 104* 

The fractions ^, y\, -^^y ^, and ^uj all have the same value. 
Example: Reduce ^^ to its lowest terms. 

Solution: ■ ' = — ; rrTT> = F Since the terms of f are 
prime to each other, the lowest terms of -^yu ^c f • 

20. When reducing a fraction to its lowest terms, it is 
sometimes difficult to find a number that will exactly divide 
both nimierator and denominator. 
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Rule for Addition op Fractions: Reduce the fractions to 
fractions having a common denominator, add their numerators, 
and write their sum over the common denominator. 

Example: What is the sum of f > f> and ^? 
The least common denominator is 24. 

3X6^18 
4X6 24 
5X3_15 
8X3 24 
7X2^14 
12X2 24 
Then, f+f+^=H+M+il=M=lM- 

When fractions, mixed numbers, and whole numbers are to 
be added together, add the fractions first, and, if their sum 
is an improper fraction, reduce it to a mixed number and 
add the whole number thus obtained to the other whole 
numbers. 

Example: What is the sum of 22f , 14, 4^, and |f ? 
The least common denominator is 16. 

22f = 22|f 

14 =14 

40+|f=4lH- 

Subtraction of Fractions 

23. Subtraction of fractions is the process of finding the 
difference between two fractions. Fractions must have a 
common denominator before they can be subtracted. 

Rule for Subtraction of Fractions: Reduce the frac- 
tions to fractions having a common denominator and write the 
difference of their numerators over the common denominator. 

Example: Subtract -^ from f- 
The least common denominator is 30. 
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When subtracting mixed numbers, subtract the fractions 
and whole numbe'^ separately and add the two remainders. 

Example: Subtract K^g^ from 14|- 
The least common denominator is 16. 

When the fractional part of the quantity to be subtracted 
is greater than the fractional part of the other quantity, it is 
necessary to borrow 1 from the whole number and add it to 
the fraction. 

Example: Subtract 6 J from 14f • 

The least common denominatei^Js 72. 

14|-6|-i4f-6ff = 13ff-6ff =7H- 

The process of subtracting a fraction from a whole num- 
ber is as follows: 

Example: Subtract f from 7. 
The least common denominator is 4. 



EXERCISE 4 

1. What is the least common denominator of ^> f > and f ? 

2. Add f, i i, audi- 

3. Add I, 2^, f , f , and 17. 

4. Add tV» i» ii and |- 
6. From y\ subtract ^• 

6. From f subtract ^* 

7. From the sum of f and f subtract the sum of ^ and ^• 

8. Reduce iVa^A to its lowest terms. 

9. i+i-9+16^T=? 



12 
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Fig. 2 



Fig. 3 





Fig. 4 Fig. 6 

10. In Fig. 2, find the value of ?. 

11. In Fig. 3, find the value of ?. 

12. In Fig. 4, find the value of ?. 

13. In Fig. 5, find the value of ?• 

Multiplication of Fractions 

24. In the ijaultiplication of fractions, it is not necessary 
to reduce the fractions to fractions having the same de- 
nominator. 

To multiply a fraction by a fraction, multiply the numer- 
ators together for the numerator of the product and the 
denominators together for the denominator of the product. 

Example: What is the product of ^ and |? 
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Multiplying the numerator or dividing the denominator 
by a number multiplies the fraction by that number. 

Thus, '^=U-i=^h ^^-i=Zh- 

When several fractions are to be multiplied together the 
numerators or denominators can be rearranged without 
changing the value of the expression. 

Thus, IrX-irXti, Tu^zz^hi wk^TT^ij^y ^^^ MxIrXlJ 
all have the same value. 

If a number is multiplied by a fraction the value of the 

product will be the same whether or not the fraction is in 

its lowest terms. 

Thus, the expressions, ISX^f, 18X|f, 18Xf|, and 18Xf, all 
have the same value and are equal to 24. 

Reducing a fraction to its lowest terms before multiplying 

shortens the operation in most cases. 

Thus, 18X|4, multiplied without reducing, becomes 18X|^ = 
^^-=24, and 18X|^f, multiplied after reducing, becomes 18X|^= 
¥ = 24. 

Cancellation 
25. When several quantities are to be multiplied together, 
reducing them to lower terms will shorten the operation. 



Example: | [ 

=l|TXTiXTV=H 



nxnxM=l|ixHxT\=HxHx,5V=^xHxi=iH- 

With a little logical reasoning it becomes evident that, if 
a numerator of one of the fractions is divided by a number, 
it is necessary to divide one of the denominators by that 
same niunber to keep the value the same. 

This process is called cancellation and the solution of the 

above ^ample would be as follows: 

7 1 

12; 17 ^ 

^^Xf^X^ ^ 7><17X1 ^ 119 
HX^'^Xn 8X6X19 912' 
n ;^ 19 

8 6 
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26. If there are additions and subtractions in the numer- 
ator or the denominator of the fractional expression, can- 
cellation cannot be performed. The operations of addition 
and subtraction above the line and those below the line are 
performed after the processes of multiplication or division 
have been performed; then the result above the line is 
divided by that below the line. 

Example: 

8+325-17X2-4 8+325-34-4 333-38 295 ^.. 

= -^ = 32^* 



2X10-24+6+7 20-24+6+7 33-24 9 

27. To multiply a mixed number by a whole number, 
multiply the whole number of the mixed number and the 
fraction separately by the whole number and add these 
products. 

Example: Multiply 14| by 29. 

29 



126 

28 



406 

JXV-=^F= 25| 



431 



8 



This example can also be solved by reducing the mixed number 
to an improper fraction and then multiplying the fractions. 

Thus, 14jx29=i|^X\^=H^-J^=431f 



28. To multiply a fraction by a mixed number,, reduce 
the mixed number to an improper fraction, and multiply the 
fractions. 

Example: i si ^ 

8xi2}=f^Xy=f = 6i. 

5 



FRACTIONS 15 

29. Multiplying or dividing a quantity by 1 does not 
change the quantity. 

Examples: 124X1 = 124 16X1 = 16 iXl = | 12jxi = 12§ 
124-5-1 = 124 16-M = 16 |-5-l = | 12|-2-l = 12i 

Thus, 12X2 is the same as ^X\] 15Xf is the same as Y"X|- 



EXERCISE 6 

(Use cancellation where possible.) 

1. Divide the product of 6, 8, 9, and 10 by the product of 8, 
3, and 5. 

2. (48X72X8)-5-(32X24X27) = ? 
g 96X72X16X4X3 X 40X13 ^^ 

• 52X6X48X34X100X2 

4 16 18 5 8 32 
93X18X14 42X6 1^ 
' 6X3X2 186X9X2 7 
9X6 4 6X3><9 
^- ^>^9^^7"=^ 
7 12 1 § 7 4^ 
'• 7^4^2^6^8 ^ 

7X8-3+8 
' 8-1-3X9-5 

7Xll-102-<-7X4 
8-f7X3-17 

10. From 19^ subtract 12|- 

11. What is the product of -h ^-^^ 9j? 
^. 7X4+6-9-f-3 ^ 

^ 8-2+4 ""^ 
18. 12|X140=? 
14. 7|Xlli=? 
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Fig. 6 

16. In Fig. 6, the holes are equally spaced; find the measure- 
ment indicated by ?. 
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Fig. 7 ' 

16. In Fig. 7, a shaft is 3% of a foot long; f of it is turned. 
What is the length in inches of the unfinished part? 

Complex Fractions 

30. A complex fraction is a fraction that has fgr the 
numerator or denominator a fraction or a mixed nimiber. 

Thus, ^ 3 12| 

2 5 4 2 6 

T 2' T 12' 7f 

8 8 

31. A complex fraction can be changed to a common 
fraction by multiplying both the numerator and the denom- 
inator of the complex fraction by a number that will contain 
the denominators of the fractions an exact number of times. 

I |X28 4X4 16 

Example: •t=i — T:7:=;r~r::=7^- 
I fX28 3X7 21 

The denominators of the fractions are 4 and 7; 28 will contain 4 
and 7 an exact number of times. 
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32. In a complex fraction all that is above the heavy line 
is called the numerator and is to be divided by that which is 
below the line, called the denominator. For example, 

3 3 

J means S-r-f ; f means f-^3; f- means f-7-|' 



EXERCISE 6 

1 

1. What common fraction does j equal? 

4 
5 

2. What common fraction does -~- equal? 

3. What common fraction does —^ equal? 

4. What mixed number does -f- equal? 

T 

Reciprocals 

33. The reciprocal of a number is 1 divided by that 
number. For example, the reciprocal of 12 is 1-7-12 or 3^; 
the reciprocal of 23 is 1-5-23 or 3^- 

34. The reciprocal of a fraction is 1 divided by the frac- 
tion, which is the same as inverting the fraction. For ex- 
ample, the reciprocal of f is l-r-f or -|., and according to Ar- 

f 
tide 31 the complex fraction 4 may farther be reduced to a 

1X4 4 
common fraction. Thus, j = -• Therefore, the reciprocal 

of I is |- 

35. The reciprocal of a mixed number is 1 divided by the 
mixed number; which is the same as reducing the mixed 
number to an improper fraction and then inverting the 
improper fraction. For example, the reciprocal of 12 J is 

l-M2ior l-5-^or:jV- 
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42X29 
36. A fractional expression like — r^ — is equivalent to 

4 2X29 42^29 42^29 
-y^^or^Xy oryX^^. 

A fractional expression like p„^^„. is equivalent to 



83X24 ^ 83X24 

42^ 1 1 42 

°'' ^><24 "'■ 83^24' 
37. A fractional expression like ^^-^-^ is equivalent to 

4 8 4 8 

fxl or i-xf 

3 - 1 

A fractional expression like 4-^ is equivalent to l-Xy or 

7-X3 Y "S 

1 



1 ^ 
^v/ 4 

-AT 



Division of Fractions 



38. Since a fraction may be considered an indicated divi- 

17 
sion, it follows that 17-T-42 is equivalent to j^- And, from 

17 17X1 

Articles 29 and 36, -r^ is equivalent to —j^ — Therefore, 

17^42=i^ = 17X^. 

Instead of dividing 17 by 42 the same result may be obtained 
by multiplying by the reciprocal of 42, which is :^- 

39. Since in a complex fraction all that is above the 

heavy line is to be divided by that which is below, it follows 

that 

44 4 

^-r-^ is equivalent to f-; |- is equivalent to |"X4- or ^X-J- or ^Xj* 

7" 7" T T 

Note: ^=i' 

Instead of dividing | by f , the same result may be obtained 
by multiplying by the reciprocal of ^, which is i. Thus, 
to divide a fraction by a fraction, simply invert the fraction 
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which is the divisor and multiply the fraction which is the 
dividend by this inverted fraction. 

It is evident also that, as in multiplication, it is not 
necessary to reduce fractions to a common denominator to 
perform the process of division. 

40. Instead of dividing by a quantity, the same result 
may be obtained by multiplymg by the reciprocal. This 
holds true for whole nimibers, mixed nimibers, and fractions. 

Example: 6H2|=¥-t=¥xf =!1 = 2tV; 
8-^1=8X1=12. 

41. Dividing the nimierator or multiplying the denomi- 
nator divides the fraction. 

24 24—6 4 24 24 4 

Example: -^Q=^^=- or -^Q^^^^-. 

EXERCISE 7 

1. What is the reciprocal of 72? 

2. What is the reciprocal of ^? 

3. What is the reciprocal of ^? 

4. What is the reciprocal of 28^? 

2 

6. What is the reciprocal of -|-? 

6. 54^f=? 7. i-^V- = ? 8. 34f-^46f = ? 



9. In Fig. 8, find the measurement indicated by ?. 

42. To find how many times one number contains another 
number, divide one of the numbers by the other, or simply 
designate the division by a fraction consisting of the two 
numbers. For example, f is the number of times 3 contains 
4; and | is the number of times 4 contains 3. 
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43. A simple means is thus afforded (Article 42) for find- 
ing the fraction by which one number must be multiplied to 
make it equal another number. 

Example: By what fraction must 16 be multiplied to make it 
equal 23? 

Solution: ^X|| = 23. The fraction is ||- 

The numerator of the fraction is always the number to be ob- 
tained, and the denominator is always the given number. 

Sometimes it is necessary to multiply one fraction by a 
complex fraction to make it equal another fraction. 

Example: By what complex fraction must ^ be multiplied to 
obtain ^? 

4 7 7 7 

Solution : 7 X f- = 7 = ^. The complex fraction is ■^' 

The numerator of the complex fraction is always the fraction to 
be obtained, and the denominator is always the given fraction. 

This method is extremely useful in solving a problem as 
shown below. 

3 X 
Example: t=h- Find x. 

O o 

Solution: If 5 must be multiplied by f to equal 8, then 3 must 
be multiplied by f to equal x; therefore, x = 3Xf or 4|^- 

7 2 

44. Expressions like 7X7 can be solved best by reducing 

each complex fraction to a common fraction. 

7 2 

inus, 4 "8^4-32' I'g-^^-lS 

5 72 

7 2 
rp, 8vx^ 1 35^7 245 

Then, 4X4^^^^«32Xl8 = 576- 

5 7 
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EXERCISE 8 

1. What improper fraction must 24 be multiplied by to obtain 35? 

2. What common fraction must 25 be multiplied by to obtain 4? 

3. What complex fraction must f be multiplied by to obtain ^fy^ 

4. What complex fraction must 8f be multiplied by to obtain 11^? 

5. What complex fraction must f be multiplied by to obtain ^? 

6. What complex fraction must 7 be multiplied by to obtain 1^? 

7. What complex fraction must j- be multiplied by to obtain 6? 

2 X 

8. a=n' Find X. 
6 7 

3 il 

9. What improper fraction does ~ X*^ equal? 

TTT ^ 
47f X 

11. -^=^- What mixed number does x equal? 



IV 
DECIMALS 

45. A decimal fraction is a fraction whose denominator 
(usually not expressed) is 10 or some power of 10. 

The denominator, when omitted, is indicated by a point 
placed to the left of the numerator; as, .3=^; .25=^^; 

m— 12 3 . 
— Tinnr 

The denominator of a decimal fraction is always 1, with 

as many ciphers annexed as there are decimal places in the 

decimal. Thus, .7=tVj -003 =y7^^, etc. 

.12 is read ^42 hundredths"; .4 is read ''4 tenths"; .011 
is read "11 thousandths"; 122.123, which is a whole num- 
ber and a decimal, is read "122 and 123 thousandths." 

Adding a cipher to the right of a decimal fraction multi- 
plies both numerator and denominator by 10; therefore the 
value of the decimal remains unchanged. Thus, .2=yV; 
.20=y^77; .200 =y^^^, etc. 

Moving the decimal point one place to the right multiplies 
the decimal fraction by 10. Thus, .123X10 = 1.23. 

Moving the decimal point one place to the left divides 
the decimal fraction by 10. Thus, .123^ 10 = .0123. 

Moving the decimal point the same number of places in 
both numerator and denominator of an expression like |^ 
does not change its value. 

2.642 ^ 26.42 ^ 264.2 
3.11 31.1 311 ' 

Addition and Subtraction of Decimals 

46. Common fractions must have a common denomi- 
nator before they can be added or subtracted; this is also 

22 
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true of decimals. This is done by placing the decimals in 
a column so that the decimal points come one under the 

other. 

.120 
24.037 12.7300 

Addition: .125 Subtraction: 3.0206 

1022 9.7094 

25.304 

Multiplication of Decimals 

47. Multiplication of decimals is performed in the same 
manner as the multiplication of integers. The number of 
decimal. places in the product will be equal to the sum of 
the nmnber of decimal places in the multiplicand and in the 

multiplier. 

12.4 6 

1.0 3 2 

Multiplication: 2 4 9 2 

3738 
12460 



1 2.8 5 8 7 2 

In this example there are 2 decimal places in the multiplicand 
and 3 in the multiplier; therefore, the number of decimal places in 
the product must be 2+3 or 5. 

Division of Decimals 

48. To divide a decimal by a whole number, divide as in 
long division. To take care of the decimal point in the 
quotient, place it directly above the decimal point in the 
dividend. 

0.0 2 8 2+ 

873/2 4.6 7 2 

1746 

Division: 7 2 12 

6984 



2280 
1746 
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49. To divide a decimal by a decimal, indicate the divi- 
sion as a fraction, then move the decimal points in the 
numerator and denominator enough places to the right to 
make the denominator a whole niunber. The division is 
then performed as in the above example. 

Thus,-18.73.2.755 = l||=f|=6.79+ 

6.79 + 6.7 9 + 

2755/18730.00 2.7 5 5. /l 8.7 3 0.0 

16530 16 5 3 



22000 2 2 

19285 19 2 8 5 



27150 2 7 15 

24795 2 4 7 9 5 

The solution at the right shows how the division is actually 
performed. The decimal point in the divisor is moved to 
the right enough spaces to make the divisor a whole number, 
the new position is indicated by a larger decimal point. The 
decimal point in the dividend is then moved to the right the 
same number of places and its position is also indicated by 
a larger decimal point. The decimal point in the quotient 
is then placed directly above the larger point in the dividend. 

Reduction of Decimals 

60. To reduce a fraction to a decimal, it is only necessary 
to know that the line that separates the numerator and 
denominator indicates division. Divide the numerator by 
the denominator. 

Thus, ^y = 7-f-37 = .1891+. 

51. To reduce a decimal to a fraction, e3q)ress it as a 
fraction and reduce to its lowest terms. ^ • 

375 -7-125 3 



Thus, .0375 = 



10000-M25 80' 
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1. 
2. 
3. 
4. 
5. 
6. 
7. 



EXERCISE 9 

Add 7, 6.342, .0098, 1.564, and 324. 
Add .0004 and 4000. 

4.675+T\+T*^+.87+lgiVV = ? 
From 17.543 subtract 5.463. 

11.786-.00091 = ? 

9tI^t-8.976=? 

86.54-176.43+124.092 = ? 



•-.€l/«^ 



«-.460: 



— ?— 



.35J?' 



Fig. 9. 






Fig. 11 Fig. 12 

8. In Fig. 9, find the measurement indicated by ?. 

9. In Fig. 10, find the value of ?. 

10. In Fig. 11, what length is indicated by ?. 

11. In Fig. 12, find the value of ?. 

12. In Fig. 13, what fraction of an inch does the unknown 
quantity represent ? 

13. In Fig. 14, find value of ?. 



26 
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14. In Fig. 15, find the measurement indicated by ?. 





r- 


^^~ ■" 


2,741- 








1 




1 


\>^M9'-^ 






u 











-• hs 


fS" 




^—JBJT"-^ 






u 


■^ OA4I 


t 




J 


r 




^m9Vlt 








■1 



Fig. 13 
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Fig. 14 




Fig. 16 



15. In Fig. 16, if one revolu- 
tion of A moves the slide .1726", 
how far will 8.34 revolutions 
move it? 

16. In Fig. 16, if one revolu- 
tion of A moves the slide .213", 
how many revolutions would be 
required to move it 4.3"? 







\ 



Fig. 17 



Fig. 16 

17. .5603 X. 17 X. 06 = ? 

18. .8732^9.76 = ? 

19. 21.7X6.3-4.3X18 = ? 

20. 18^-1.4-^1.3-.6X4 = ? 

21 ^4.-^-934-? 
^^- 6.7+100 -^^^"^ 

^„ 9.06 13.2 

22. = 

.054 ? 

23. In Fig. 17, find value of ?. 
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Fig. 18 



24. In Fig. 18, find length indicated by ?. 
26. Reduce ^ to a decimal containing four decimal places. 
26. Reduce .3875 to a common fraction in its lowest terms. 

18.6 



27. Reduce 



to a common fraction in its lowest terms. 



47.43 

28. From ^ subtract .2321. 

29. By what decimal must 8.674 be multiplied to make it 
equal 4.444? 

17i 

30. What decimal does — £ equal? 

31. What is the decimal reciprocal of .4537? 

32. What is the decimal reciprocal of ^? 

17.4-^6 18 
34. In Fig. 19, find measurement indicated by ?. 
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Fig. 19 
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PROOFS OF ADDITION, SUBTRACTION, MULTI- 

PLICATION, AND DIVISION 

52. Any number divided by 9, has the same remainder 
as the sum of the digits divided by 9. For example, 9 is 
contained in 138 fifteen times with a remainder of 3. The 
simi of the digits 1, 3, and 8 is 12; 9 is contained in 12 once 
with a remainder of 3 also. The digits of 138 could be arranged 
in any order, but the remainder after dividing by 9 will 
always be the same. Thus, the remainders of 138, 1038, 831, 
3018, 800301, etc., after dividing by 9, are 3 in each case. 

The number that remains after casting out the 9's, or 
dividing by 9, is called the excess of 9's. These excesses of 
9's are used in proving addition, subtractiony multiplicationy 
and division. 

The following is a good method for obtaining the excess 
of 9's. 

Example : Find the excess of 9's in 768945. 

Explanation: Begin at the left, 7+6 = 13; dropping the 9 = 4; 
4+8 = 12; dropping the 9 = 3; 3+4+5 = 12; dropping the 9 = 3; the 
excess of 9's in 768945 is 3. The 9 in the number was not considered 
because adding 9 to a number and then subtracting it will not 
change the number. For the same reason it is not necessary to 
consider any group of digits that equals 9. Thus, the excess of 9's 

in 287915234 is 5. 287915234 

Proof of Addition 

53. The sum of the excesses of 9's in several numbers 

must equal the excess of 9's in their smn. 

Example: The excesses in the numbers m the following addition 
are 8, 2, 4, and 3, and the excess of 9's in the sum of these excesses, 

28 
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17, is 8. The excess of 9*s in the sum, 26729, is likewise 8. There- 
fore, the excesses being the same, the work is correct. 

7352 8 

5834 21 

6241 4 \ 9 

7302 3j 

26729 8 

Proof of Subtraction 

64. The excess of 9^s in the minuend must equal the sum 

of the excesses of 9's in the subtrahend and remainder. 

Example: As the minuend is the sum of the subtrahend and 
remainder, the reason for this proof is seen from the proof for 
addition. 

Minuend 7640 8 

Subtrahend 1234 1 

Remainder 6406 7 

Proof of Multiplication 

55. Find the excesses of 9's in the factors and in the 
product. The excess •of 9's in the product of the excesses of 
the factors should equal the excess in the product of the 
factors themselves. 

Example: Multiply 7234 by 8615. The product is 62320910. 
The excess in the multiplicand is 7, in the multiplier 2, and in the 
product 5; the two former multipUed give 14; and the excess in 14 
is also 5. Hence the multiplication is correct. 



7234 


7 


8615 


2 


36170 


14-5 


7234 




43404 




57872 





62320910 5 

Proof of Division 
66. Find the excess of 9's in each of the terms. To the 
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excess of 9's in the product of the excesses m the divisor and 
quotient, add the excess in the remainder; the excess in the 
sum should equal the excess in the dividend. 

Example: Di\'ide 131885 by 317. The quotient is 416, and the 
remainder, 13. The excess of 9's in the di\isor is 2; in the quotient, 
2. Their product is 4, the excess of which is 4. The excess in the 
remainder is 4. 4+4 = 8, of which the excess is 8. The excess of 
9'8 in the dividend is also 8. Hence the division is correct. 



2 8 


2 




317)131885(416 




1268 




2X2=4 


508 




4 


317 




8 


1915 




• 


1902 







13-4 



VI 

SHORT CUTS IN MULTIPLICATION AND DIVISION 

57. Process of multiplying when one part taken as a unit 
in the multiplier is a factor of another part so taken: 

Example: Multiply 387295 by 216324. In this problem 
216324 is divided into three groups 216, 3, and 24. First 
multiply by 3 and obtain 1161885; then multiply this product 
by 8, which is the same as multiplying the multiplicand by 
24, because 3X8 = 24, and 9295080 is obtained. This last pro- 
duct is then multiplied by 9, which is the same as multiplying 
the multiplicand by 216, because 9X24 = 216, and the product 
83655720 is obtained. 

387295 



2163 24 

1161885 
9295 80 
83655720 

83781203 5 80 ^ 

68. Process of multiplying and dividing by aliquot parts: 

An aliquot part of a nmnber is such a part as will exactly 
divide that number. Thus, ^25 is an aliquot part of 1, 
1.25 is an aliquot part of 10, 125 is an aliquot part of 1000, 
.025 is an aliquot part of .1. 

The reciprocals of aliquot parts can always be written 
completely without a remainder, and very often, when the 
aliquot part is a long decimal, the operations can be shortened 
considerably by using the reciprocal and dividing instead of 
multiplying or vice versa. 

Example : Since .0625 = iV, 8848 X .0625 = 8848 X iV = ^|- = 553. 

Example: Since .03125=^, 1742 -5- .03125 = 17424-^ = 1742X 
32 = 55744. 

31 
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59. Process of multiplying when the multiplier is a little 
less than 100, 500, 1000, 5000, 10000: 

Example: 3Oi6x997=3046X (1000-3) =3046000-9138=, 



EXERCISE 10 
Uae the short cuts in the following eiercisea and prove the results 
by casting out the 9*3. 

1. 54326X64832 2. 62541X54515 
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712653X560749 
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704 2 5 
9 9 8 



4 3 6 5 = 



9652X25 

|9|6|5|2| 



VII 

PERCENTAGE 

60. Percentage is a term applied to computations in 
which 100 is used as a iBxed measure or standard. 

The sign % is read "per cent." Thus, 6% is read "six per cent." 

Three per cent, 3%, j^y and .03 are equivalent expressions. 

Five per cent, or 5%, means 5 out of every hundred, or y^^ of 
the entire amount; the 5 stands for the numerator, and the % 
sign for the denominator 100. 

Thus, 5% of 500 means 5 of every hundred, which would be 25; 
or 5% of 500 means y|^ of 500, or twX500, or 25. 

61. A careful study of the following examples should be 
made to obtain a clear conception of percentage. 

Example 1 : How many hundredths of a number is 7%? 

Solution: If l%=T^7f of the number, then 7% equals i-Jir oi 
the niunber. 

Example 2: What per cent of a number is ^rir o^ it? 

Solution : y^^ = 1% ; then y^^ equals 4%. 

Example 3: What per cent of a number is j of it? 

Solution: y^^= 1%; then f equals y-5-yt7r or f x^-^=-f^ or 

Example 4: What per cent of a number is .017 of it? 

Solution: .01 = 1%; then .017 equals.017-^ .01, or 1.7%. 

Example 5: What part of a numbei is 20% of it? 

Solution: l%=yii7; then 20% equals y^-^?^, or ^• 

Example 6: 22 is 3% of what number? 

Solution : If 3% = 22, then 1% = 22 -=- 3 or V^, and 100% equals 
100X¥=^^, or733f 

Example 7: 27 is what per cent of 837? 

33 
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Solution: 100%=837; then 1%=8.37. Hence, 27 will be 
^"^ or 3.225+% of 837. 



8.37 

Example 8: 10% of 84 is 19% of what number? 
Solution: 10% of 84 equals .1 of 84 or 8.4. This problem now 

reads 8.4 is 19% of what number? If 19% = 8.4, 1% = -^. Then 

100%=100X^=^=44A- 

Example 9: 40 is 125% of what number? 

Solution: If 40=125%, l%=i^=i^, and 10Q%=1Q0Xyz= 
W- or 32. 

Example 10: What number diminished by 20% of itself will 
equal 40? 

Solution: After diminishing a number by 20%, the part that 
remains must equal 80%; therefore, 40 equals 80%; then l%=f^, 
and the original number is 100% or 50. 

EXERCISE 11 

1. What per cent of 136 is 17? 

2. A certain bronze casting weighing 345 pounds contains 75% 
of copper and 25% of tin. Find weight of copper in casting. 

3. 1500 pounds of manganese steel contains 6 pounds of manga- 
nese. What is the per cent of manganese in the steel? 

4. Out of a lot of 640 castings, 5% were found defective from 
molding and 2% of the remainder were machined under size. Wliat 
number were scrapped? 

6. A grade of pig iron weighing .26 of a pound per cubic inch, 
contained 2.8% of silicon, .4% of sulphur, 1.5% of phosphorus, 
and 3.6% of carbon. The remaining part was pure iron. How many 
pounds of pure iron would be used in 7 cubic feet of this metal? 

6. The. coke used in melting iron in a cupola contains 1^% of 
sulphur. If J of the sulphur in the coke goes into the iron during 
the melting, how many pounds of sulphur does the iron absorb 
from 2200 pounds of coke? 
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7. A pound of steel cost $0.95 two years ago but now sells at 
$2.25. What is the per cent of increase in price? 

8. In a certain department the production was 2500 parts in 24 
hours. This was increased to 1500 in 10 hours. What per cent 
increase was accomplished? 

9. 12|% of 96 is 33J% of what number? 




Fig. 20 

10. In Fig. 20, the clearance on 
each side of a punch and die for a 
certain metal was 8% of the thick- 
ness of the stock. What was the 
clearance on one side of the die? 




Fig. 21 

11. In Fig. 21, a snap 
guage for checking f '^ shafts 
had an allowance of .05% 
over or under size. Find A 
and B. 



VIII 

GROUPING SYMBOLS 

62. In a series of. operations the parenthesis ( ) and other 
grouping symbols, the bracket [ ], the brace { } , and the 
vinculum — , may be used to indicate the order in which 
certain additions, subtractions, multiplications, and divisions 
are to be performed. What is within the grouping symbols 
is to be treated as a single number. 

63. In arithmetic, the grouping symbols can always be 

removed by completing the operations within them. If one 

or more pairs are included within another pair of grouping 

symbols, it is usual to remove the innermost pair or pairs 

first. 

Thus: 9+(8-6)=9+2 = ll. 

19-(8-6) = 19-2 = 17. . 
8X (4+2) =8X6=48. 
9-^(3+2) =9-i-5 = lf 
102-[16+8-2(4+2)] = 102-[16+8-2X6] = 

102 -[16+8 -12] = 102 -12 = 90. 
(8-3)X(5+14) = 5X19 = 95. 

64. In algebraic expressions, very frequently the quan- 
tities within the grouping symbols cannot be worked out. 
In order to remove them the following rules must be applied. 

Rule 1 : If the grouping symbols are immediately preceded 
by a + sign they can be removed without making any change. 

Example: A+(B-C)=A+B-C 

6+(7-2) =6+7-2. 

Rule 2: If the grouping symbols are immediately preceded 

by a — sign it is necessary to change the signs of all quantities 

within them before they can be removed, 

I Example: A-(B-D+X)=A-B+D-X. 

10-(8-6+2)+6= 10-8+6-2+6. 

36 
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Rule 3 : If the grouping symbols are immediately preceded 
by a number or quantity, muUiplicaiion is implied and each 
quantity within the grouping symbols must be multiplied by 
that number or quantity; then rule 1 or 2 is applied. 

Example: 

A-2(B-C+H)=A-(2B-2C+2H)=A-2B+2C-2H. 

9-2(4-2) = 9-(8-4) =9-8+4. 

Rule 4 : If the grouping symbols are immediately followed 
by a -7- sign, divide every quantity within the grouping symbols 
by the quantity following the division sign; then rule 1 or 2 is 
applied. 

Example: D-(B-C)-^A=D-(? - ^) =D- | + ^. 

10-(18+12)-^3 = 10-(6+4) = 10-6-4. 

65. When two sets of grouping symbols are needed, the 
parenthesis and bracket are used. 

Example: 9X[(20— 5)-^3] means that the difference between 
20 and 5 is to be divided by 3, and this result multiplied by 9. 

Thus, 9X[(20-5)•^3]=9X[15-^3]=9X5=45. 

AD BD 



D[(A-B)-hC] = D[|-?] = 



EXERCISE 12 

1. 42 -(9+6) +2 = ? 

2. 12- (7-3) = ? 

3. 2+2(8-6) -2+6(4+3) = ? 

4. 2+7[6+2(2+4)-3] = ? 
6. (16-2)(17+9) = ? 

6. 2V10+6-2(4-2) = ? 

7 Jlt±) 34-2 

^' ^V2(4+3)/ 16 "^ 

8. 2+{l4-(6+2)} {(6+2)(18+2)-90} -6-5-2 = ? 



IX 

FORMULAS 

66. A formula is a rule expressed in algebraic symbols. 
Formulas are much more convenient than rules and require 
less space. The symbols in a formula represent numbers 
and, to apply a formula, it is only necessary to substitute 
the given values in place of these letters or symbols. 

A rule for finding the area of a triangle is as follows: 
From the half sum of the three sides subtract each side sepa- 
rately. This mil give three differences. The square root of 
the continued product of the three differences and the half sum 
equals the area. 

This rule expressed as a formula i s: 

A= VS(S-A)(S-B)(S-C), where A, B, and C repre- 
sent the lengths of the sides, and S the half sum of the three 
sides. 

Example: If the three sides of a triangle are 3, 4, and 5; then 
S=(3+4+5)-^2or6. 

Area= VS( S-A)(S-B)(S-C)= V6(6-3)(6-4)(6-5) = 
V6X3X2X1= V36 = 6. 

67. The multiplication sign (which is likely to be mis- 
taken for the letter X) is usually omitted between two num- 
bers or literal quantities or grouping symbols and, if needed, 
is indicated by a dot (•). 

Thus, 6X8 is written 6-8; AXB = .286XP is written 
AB = .286P. 
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It is also customary to omit the multiplication sign in 
expressions similar to tlie following; SX{A+C)X(D— F) is 
written S(A+C)(D-F). 

An expression like 3B'.3BB; (5B)'-6-5-5BBB-5'B'i 

(A+B)'-(A+B)(A+B). 

, . ,1 (A Va [¥ Vy 3 

An expression hke^g.-jg; ^jJ^-^-^■ 

Note: VA+B does not mean VA+B; VAB does not 
mean VAB. 

EXERCISE 13 

1. If A=6, B=2, C=8, and 
D=A+B, find the value of 
3(2+B)+ABC-3 
CD-(BC-AH-3B' 



^ 



3. In Fig. 23, if volume 
equals .7854D=iH, find the 
volume when H = 10* and D = 6". 



Shaip V Thr.«d 
ng. 33 

2. In Fig. 22, if A = .866P 
andP=.125',findA. 




^ 


AAA! 




Slurp V Thteid 
Fig. 26 


U. S. toim Thini 
Kj.M 


6. In Fig. 25. if O.D.= 
1.125', N=5, and W = .130', find 
M, using the formula, M=O.D.- 


4. InFig.24,itA-.6495P 
and P-A'. find A. 


1.732 

N ■ 


+3W. 


■■^•v 
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Fig. 26 
6. In Fig. 26, if A= 



BD 



C-B 

and if B=2, C = 5, and D=6, 
find A. 




Fig. 27 

7. InFig. 27, if X = l|0+i', 
andifO=i%findX. 




Fig. 28 

8. In Fig. 28, if volume = 
1.0472 R2H and D=2R, find 
the volume when H=6' and 
D = 7'. 




/.7S0' 



■^•^^.; 



C^E 




Fig. 29 

9. In Fig. 29, from dimensions 
given, find the volume. 




Fig. 30 

10. In Fig. 30, if A= 
1.4142D and = 1.625% find 
A. 

11. In Fig. 30, if B = 
1.1547D and D = 2.034', find 
B. 




Fig. 31 

12. In Fig. 31, since A (ad- 
dendum) =p (P being diametral 

pitch), if gear shown is 10 diam- 
etral pitch, what does A equal? 



X 

SIMPLE GEARING 




Fig. 32 

68. If the gear shown has 32 teeth and is revolved one 
tooth, it will cause the shaft to make ^ of a revolution. 
Then 5 teeth will cause the shaft to revolve 5 X^ or ^ of a 
revolution. If the gear is revolved 75 teeth, it will cause 
the shaft to revolve 75X^2^ or ^ revolutions. 

When the gear is revolved ^ of a revolution, it will cause 
one tooth to pass the line XX. If the gear is revolved f of 
a revolution, it will cause ^-r-^ or 14f teeth to pass the 
line XX. 

69. If one tooth in gear A is moved across the line XX, 
it will cause one tooth in gear B to cross the line XX. If 




Fig. 33 
16| teeth in gear A are moved across the line XX, then 16i 
teeth in gear B will also cross the line XX, 
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From this it can be seen that if gear A has 23 teeth and is 
given one complete revolution, it will cause 23 teeth in 
gear B (which has 36 teeth) to pass the line XX. If one 
tooth will cause gear B to make ^ of a revolution, then 23 
teeth will cause it to make ^ of a revolution. Therefore, 
while gear A makes one revolution, gear B will make ff of 
a revolution; and while gear B makes one revolution, gear A 
win make ff revofutions. 

The niunbers of revolutions of two gears are to each other 
inversely as their numbers of teeth. That is, if gear A has 
23 teeth and gear B has 36 teeth, gear B will make 23 revo- 
lutions while gear A makes 36 revolutions. 

Proof: If 23 teeth pass line XX in one revolution of gear A, 
then 23x36 teeth will pass the line in 36 revolutions. This will 
cause 23X36 teeth in gear B also to cross the line XX. If 36 teeth 
crossing line XX causes gear B to make one revolution, then 23 X 36 
teeth will cause gear B to make 23X36^36, or 23 revolutions. 

The following problem shows how to ascertain the number 
of revolutions one gear will make while the other makes a 
given number of revolutions. 

Problem: While B makes 12 revolutions, bow many wiIl»A 
make, if B has 36 teeth and A has 23 teeth? 

Solution: One revolution of B will cause A to make ^ revo- 
lutions. Therefore, 12 revolutions of B will cause A to make 
12Xj3 or 18^ revolutions. 

70. A set of gears resembles a fraction. That is, multi- 
plying or dividing a set by the same number will not change 
the ratio, 

Example : If a set of gears has 1 1 and 15 teeth, as in Fig. 34, but 
a set with a greater number of teeth would be more convenient, 
this more suitable set could be found by multiplying both gears by 
the same number. 

(11 to 15) multiplied by 4 equals (44 to 60) shown at B. 

(11 " 15) " " 2 " (22 " 30) " " C. 

(11 "15) " " 3 " (33 "45) " " DorE. 

The ratio of X to Y is the same in sets A, B, C, D, and E. 
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Idler gears (marked 0) are used to transmit power and reverse 
motion. 




The number of teeth in an idler will not change the ratio; that 
is, the ratio of X and Y is the same in eets C, D, and E. 

71. To connect two shafts with suitable gears when the 
revolutions that each shaft must make are given, it is only 
necessary to invert the given revolutions and call them 
gear teeth. 

Example 1: In Fig. 35, if A 
makes 24 revolutions while B makes 
19 revolutions, then A must have 
19 teeth and B 24 teeth. 

Example 2: In Fig. 35, if A 
makes f of a revolution while B 
makes 1.7 revolutions, then A must 
have 1.7 teeth and B | of a tooth. 
It is impossible to construct a gear with a fractional part of a 
tooth; therefore, these last numbers of gear teeth are multiplied 
by some number to clear of fractions. 

Thus, A = 1.7X30 = 51 teeth, and B = |X30=20 teeth. 

Since it ia impossible to construct a gear with a fractional part 
of a tooth, it would be better to say A must have 1.7 XN teeth and 
B, |XN teeth. Then let N equal some number that will cause 
both gears to liave a whole number of teeth after the multiplication 
has been performed. In the above case N = 30. 




Fig. 3S 
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72. To determine the distance a gear will move on a rack, 
it is necessary to know the distance from tooth to tooth on 
the rack. 




EXAMPl£: In Fig. 36, if the distance from tooth to tooth on 
the rack is .400 of an inch, how far will the slide move while A 
makes 4 revolutions? 

Solution: While A makes one revolution, the slide will move 
20X-400 or 8 inches. Therefore, 4 revolutions will move it 4X8 
or 32 inches. 



EXERCISE 14 



€) 

Fig. 87 

1. In Fig. 37, if a gear with 

26 teeth is revolved J of a 

revolution, how many teeth 

pass line AB7 




2. In Fig. 38, while A makes 
7 revolutions, hovir many revo- 
lutions will B make? 

3. In Fig. 38, while 6 makes 
4 of a revolution, what part of 
a revolution will A make? 
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Fig. 8ft 

4. In Fig. 39, how many 
teeth must A and B have so that 
while A makes 55 revolutions B 
will make 37 revolutions? 



6. In Fig. 39, how many 
teeth must A and B have so that 
while A makes J of a revolution 
B will make H "^ " revolution? 

6. In Fig. 39, according to a 
geaj calculation the gear on 
shaft A was to have 11 teeth, 
and the gear on shaft B 13 teeth. 
If there were a gear with 66 
teeth, what other gear would 
have to be made? 



7. In Fig. 40, according to a certain gear calculation, the gear 
on shaft A was to have 1537 teeth and 
the gear on shaft B was to have 2597 
teeth. What two gears would answer 
the same purpose and have teeth num- 
bering between 20 and 100? 
Fig. 40 





8. In Fig. 41, how many teeth must the gear marked X have in 
t B, so that the ratio will be the same as in set A? 
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£AC]L 




Fig. 42 

9. In Fig. 42, if the distance from tooth to tooth in the rack is 
.200 of an inch, how far will 3 revolutions of the handle A cause the 
rack to move? 



COMPOUND GEARING 

73. For ordinary purposes the number of teeth in a gear 
is between the limits of 12 and 100, and, if the numbers of 
teeth in the simple gears are unusually large, it is impossible 
to use them. In such cases they are treated as imagin ary 
simple gears, and, if the numbers of teeth in both of the 
imaginary simple gears can be factored, the factors can be 
used in compound gearing in place of the simple gears. 

Example: In Fig. 43, if A makes 713 revolutions while B makes 
1189 revolutions, then A must have 1189 teeth and B 713 teeth. 
Factoring 1189 into 20x41 and 713 into 23X31 and uaing the 
factors in compound pearing, as shown in Fig. 44, will cause the 
ratio between A'and B' to be the same as between A and B. 




Fig. U 



TU=tlXU 



Fig. 48 
RcLB FOR Compound Gearing: 
First Step: Factor the number of teeth in one of the large 
simple gears and place one of the factored gears on the shaft 
thai was to receive this simple gear. 

Second Step: Factor the number of teeth in the other simple 
gear and place one of these on the shaft that was to receive this 
simple gear. 
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The two remaining factored gears are keyed so that they 
revolve together and are placed in mesh so that the factors of 
the number of teeth in one of the simple gears mil not mesh 
together. 

Caution: The 23-tooth gear can not mesh with the 31 -tooth 
gear because 23 and 31 are the factors of the simple gear 713. 

If one of the factors of A is multiplied by a number, it is necessary 
to multiply a factor of B by the same number in order to keep the 
ratio the same. 

Thus, any of the following sets of compound gears could be used 
and the ratio of A to B would be the same as the ratio of A' to B'. 



Factors 
of A. 


Factors 
of B. 


C 


E 


D 


F 


41 


29 


23 


31 


82 


29 


46 


31 


41 


58 


23 


62 


41 


58 


46 


31 


82 


29 


23 


62 


41 


87 


69 


31 


41 


87 


23 


93 



Multiplying both simple gears 
by the same number will not 
change the ratio ; therefore, multi- 
plying one of the factors of each 
of the simple gears will not change 
the ratio. 



74. Example of a gear prob- 
lem where factors have to be 
multiplied to obtain proper num- 
bers of teeth in the compound 
gears: 

Problem: In Fig. 45, what com- 
pound gears as in Fig. 46 could be 
used in place of the simple gears 53 ^^^* ^ 

and 437? Keep gears between the limits of 20 and 100. 
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53X1 
53X5 
53X20 



19X23 
95X23 
95X92 



Solution : Factor the number of teeth m the simple gears. Thus, 
53 = 53X1, and 437 = 19X23. If 19 is multiplied by 5, it is 
necessary to multiply 1 by 5 to keep 
the ratio the same. The factors will 
then be 53X5 and 95X23. Then, 
if 23 is multiplied by 4 it is necessary 
to multiply 5 by 4 to keep the ratio 
the same. The factors will then be 
53X20 and 95X92, which are be- 
tween the required limits. Placing 
in proper compound order (Fig. 46), 
A = 53, B = 92, C = 20, and D = 95. 

Condensed form. 




Fig. 46 



53 53X1 53X(1X5) 53X(1X4X5) 53X20 



437 19X23 (5X19)X23 (5X19) X (23X4) 95X92 

75. Method of determining the number of revolutions 
one shaft will make, while the other shaft makes a given 
number of revolutions: 

Problem: In Fig. 47, while A makes 10 revolutions, how many 
revolutions will D make? 




Fig. 47 

Solution: While A makes 10 revolutions, B and C will make 
10 Xf^, or ^ revolutions. While C makes ^ revolutions, D will 
make V^Xf^, or 8.5 revolutions. 

Therefore, while A makes 10 revolutions, D will make lOX |^X|i 
or 8.5 revolutions. 
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76. To connect two shafts with suitable compound gears 
when the revolutions that each shaft must make are given, 
it is only necessary to invert the given revolutions to obtain 
the niunber of teeth in the imaginary simple gears. The 
nimiber of teeth in the imaginary simple gears are then 
factored, and the factors used in compound gearing. When 
the niunbers cannot be factored they are reduced- to other 
approximate numbers by the principle of continued frac- 
tions. (See Article 240.) ' * 

Problem: In Fig. 48, how many teeth must A, B, C, and D 
have so that, while A makes 483 revolutions, D will make 837 
revolutions. 




Fig. 48 

» 

Solution : By knowing the number of revolutions the ima^nary 
simple gears (A' and D') must make, the number of teeth in them 
is obtained by inverting the revolutions. Thus, if A' makes 483 
revolutions while D' makes 837 revolutions, A' must have 837 
teeth and D' 483 teeth. After factoring (837 = 27 X 31 ; 483 = 21 X 23) 
and placing in proper compound order, A = 27 teeth, B = 21 teeth, 
C = 31 teeth, and D = 23 teeth. (See Article 73.) 

77. Example of a problem in which compoimd gearing 
and a rack are used: 

Problem: In Fig. 49, how many teeth must gear marked X 
have so that, while rack rises \ of an inch, A will make one revolu- 
tion? 
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Solution: While A makes one 
revolution, X will make 2 revo- 
lutions; while the rack moves \ 
of an inch, it will move 5 teeth 
which will cauoe B and C to 
make ^ of a revolution. To 
find the number of t«eth X and 
C must have so that, while X 
makes 2 revolutions, B will make 
1^ of B revolution, it is only 
necessary to invert the rcvolu- pig. 49 

tions and call them gear teeth. 

Thus, X=yV teeth and C = 2 teeth. Since we know that multi- 
plying both gears by the same number will not change the ratio, 
2 is multiplied by 48 to equal 96; therefore, -j^V niust be multiplied 
by 48 also to make it equal to the number of teeth in X. Thus, 
0=2X48 = 96 and X=iVX4S=20. 




EXERCISE 16 




1. In Fig. 50, if gear A has 1739 teeth and B 1541 teeth, 
how many teeth should C, D, E, and F have so that the ratio of 
A' to B' (Fig. 51) will be the same as A to B? 

2. In Fig. 50, if gear A has 4753 teeth, B 1333 teeth, and in 
Fig. 51, if C has 49 teeth, and F 43 teeth, how many teeth must D 
and E have so that the ratio of A' to B' will be the same as the 
latio of A to B? 



^i 




Fig. 93 

3. In Fig. 52, how many teeth each must the geais A, B, C, 
and D have so that the ratio will be the same as that of X to Y? 

4. In Fig. 53, find the number of teeth in each of the scars, A, 
B, C, and D. 





Fig. 64 Fig. S6 

6. In Fig. 55, how many teeth must gear C have so that the 
ratio of X' to Y' will be the same as that of X to Y (Fig. 54)? 




F1S.S7 



Fig. 66 

6. In Fip. 57, how many teeth between the limits of 20 and 100 
must the gears A, B, C, and D have so that the ratio of X' to Y' 
will be the same as that of X to Y (Fig. 56)? 
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8. In Fig, 59, while A makes 
6.455 revolutions, how many 
will B make? 




Fig. 68 



Fig. 60 



7. In Fig. 58, how many 9. In Fig. 60, how many 

teeth between the limits of 20 teeth must A, B, C, and D 

and 100 must gears A and B have so that while A makes 203 

have BO that both drills will revolutiona, D will make 121 

have the same speed? revolutions? 




10. In Fig. 61, if the distance from tooth to tooth in the rack ia 
.200 of an inch, how many teeth rauBt X have so that 4 revolutiona 
of A will move the rack 8 inches? 
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GEAR AND LEAD SCREW 

78. The lead is the distance a nut will travel on a screw 
in one complete revolution. If a single-threaded screw has 
5 threads per inch, the lead will be \ of an inch. If a double- 
threaded screw has 5 threads per inch, the lead will be f of 
an inch. If a triple-threaded screw has 5 threads per inch, 
the lead will be f of an inch. 




Fig. 62 

79. The screw shown in Fig. 62 has a single thread, and 
there are 7 threads per inch. Therefore, if the screw A is 
given 1 revolution, the slide will move \ of an inch. 

If A is given 2 revolutions the slide moves 2X1, or |^ of an inch. 
If A is given 27 revolutions the slide moves 27 Xy, or 3f inches. 
If A is given 4^ revolutions the slide moves 4^ Xy, or ^ of an inch. 
If A is given ^ revolution the slide moves f^Xy, or -^^ of 
an inch. 
To move the slide | of an inch A must make 1 revolution. 

To move the slide ^ of an inch A must make f -r|, or 2 revolu- 
tions. 

To move the slide |^ of an inch A must make f^-^-y, or 5^ 
revolutions. 

To move the slide 4j inches A must make 4J-^4-, or 31 J revo- 
lutions. 
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Geaa and Lead Screw for a Lathe 




e THREADS P£R INOL 



Fig. 63 

80. The illustration (Fig. 63) shows the gear and lead 
screw arrangement on a lathe for cutting threads. 

Problem 1: If A =60 teeth and B = 50 teeth, how many 
threads per inch will the lathe cut? 

Solution: While A makes 1 revolution, the screw will make \% 
revolutions. If 1 revolution of the screw moves the tool \ inch, |^ 
revolutions will move it f^X^ or ^ inch. Therefore, the lathe will 
cut a i^inch lead or 5 threads per inch. 

Problem 2: How many teeth must the gears A and B have so 
that the lathe will cut 13 threads per inch? 

Solution: 13 threads per inch is a yVi'^ch lead. To move the 
tool Y^^ inch, B must make 3^"^^ or ^ revolution. While B 
makes ^^ revolution, A must make 1 revolution; therefore A must 
have A X N teeth and B, 1 X N teeth. If N = 52, A = 24 teeth and 
B = 52 teeth. 

81. The micrometer screw, for the English system of 
measurement, has 40 threads per inch. From this it may 
be seen that one turn of the thimble will advance the spindle 
tSr or .025 mch. (Fig. 64.) 

If we know the distance 1 revolution of the thimble moves 
the spindle, the number of revolutions required for any dis- 
tance is readily obtained by dividing the distance by .025. 
Thus, to move the spindle .207 inch, the thimble must make 
.207-^.025 or 8^ revolutions. 
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The distance a given number of revolutions of the thimble 
will move the spindle is readily obtained by multiplying the 
distance by .025. Thus, 9^ revolutions of the thimble will 
move the spindle 9yVX.025 or .229 inch. 

The thimble of a micrometer is divided into 25 parts, so 
that to turn it one part moves the spindle ^ of .025 inch 
or .001 inch. 

Micrometer 




Fig. 64 

The divisions on the sleeve are .025 inch apart; therefore, 
it is evident that one more mark will be visible for each turn 
of the thimble, when it is being screwed out. The numbers 
opposite every fourth division are .100 inch apart. 

In the illustration (Fig. 64) the distance X, or the microm- 
eter reading, equals .200+ (3 X. 025) +.003 or .278 inch. 

82. Example of compound gears and lead screw: 



^J mMDS fiER iJ^ f f 




Fig. 65 

Problem: In Fig. 65, if A makes one revolution, how far will 
the slide move? 
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Solution; While A makes one revolution, D will make Hxff 
of a revolution. If one revolution of D moves the slide \ of an 
inch, HXt? revolution will move it MXflXi or .17021 inch. 



T rawg jvt /jvoff 




Fig.6e 

1. In Fig. 66, while A makes 
4f revolutions how far will the 
sbde move? 

2. In Fig. 66, while A makes 
8.5 revolutions, how far will 
the slide move? 

3. In Fig. 66, how many 
revolutions must A make to 
cause the shde to move 1.703 




Fig. 68 

7. In Fig. 69, while A 
makes2 revolutions, how many 
revolutions will B make? 

8. In Fig. 69, while B 
makes 2 revolutions, how 
many revolutions will A make? 



F^. 67 



4. In Fig. 67, while A makes 
5^ revolutions, how far does 
the slide move? 

5. In Fig. 67, how many 
revolutions must A make to 
cause the sUde to move 4.362 
inches? 



6. InFig.68,wh{leAmakes 
1 revolution; how many rev- 
olutions will B make? 
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8. In Fig. 70, how many 
teeth must A and B have bo 
that, while A tn&kea 1 revo- 
lution, the slide will move .355 
of ao inch? 



10. In Fig. 71, if the crank 
IB turned 1 revoluljon and 5 
holes, what part of a revolution 
will the wonn wheel make? 





IL In Fig. 72, how many rev- 
olutions must B make to cause 
A to make one complete revo- 
lution? 



XIII 

RATIO AND PROPORTION 

Ratio 

83. The ratio of two numbers is the number of times one 
of the niunbers contains the other. It may be either a 
whole number or a fraction. 

Example: 12 contains 6 two times; therefore the ratio of 12 to 
6 is 2. 6 contains 12 one-hau time; therefore the ratio of 6 to 12 
is ^. 

The nature of the problem will indicate whether 2 or § is the 
ratio to be taken into consideration, but you should remember that 
i is the reciprocal of 2. 

The ratio of two niunbers is represented usually by 
placing one of the numbers above the other in the form of 
a fraction. 

Examples: The ratio of 12 to 6 is V • 

The ratio of 6 to 12 is ^' 
The ratio of 12.653 to 7.42 is '-r^- 

7.42 



The ratio of 7.42 to 12.653 is j^—- 

3 

Theratioof I to^isy. 



2 

1 

The ratio of J to f is |- 

4 



84. The reciprocal of a ratio is the ratio inverted. 

If the value of the ratio is more than one, the reciprocal 
of the ratio will be less than one. 

Example : If W is the ratio, the reciprocal of the ratio is \^* 

If the value of the ratio is less than one, the reciprocal 
of the ratio will be more than one. 

Example: If ^ is the ratio, the reciprocal of the ratio is ff • 
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85. The following explanations are very helpful in the 
solving of problems in proportion. That is, they show why 
it is not necessary to use the terms ''inverse" and ''direct" 
proportion. 

If a quantity is multiplied by a ratio whose value is more 
than one, the product will be more than the original quantity. 
For example, 12 X f = 16. 

The ratio | is more than one; therefore, the product 16 is 
more than 12. 

If a quantity is multiplied by a ratio whose value is less 
than one, the product will be less than the original quantity. 
For example, 12Xf = 9. 

The ratio f is less than one; therefore, the product 9 is 
less than 12. 

Simple Proportion 

86. A proportion is an expression of equality between 
two ratios, or fractions. Proportion is used in solving 
problems, where the ratios (which must be between two 
nimibers of the same denomination) are equal. 

Example: If 6 drills cost SI. 44, 18 drills must cost $4.32. 

18 4.32 

6 1.44 

18 
The ratio of the numbers of drills, — -, must equal the ratio of 

the respective costs t-^- 

1.44 

87. Various methods can be used in solving problems in 
proportion and they can be explained best by an example. 

Problem: If 8 men build a machine in 24 hours, how long will 
it take 16 men to build it? 

Solution: Let X=the time 16 men require. Then the ratio of 
hours l-=z) must equal the ratio of the men {-^h Thus, y^'q"* 
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Multiplying both numerator and denominator of a fraction by 
the same quantity will not change its value. Then, if 16 must be 
multiplied by |-J to equal 24, 8 must be multiplied by ^ to equal X. 

Thus, X=8Xfi=12. Ans. 12 hours. . 

88. A better solution for such problems is as follows: 

Rule: Multiply the given number which is of the denomi- 
nation that the answer is to be by the given ratio. 

Problem 1: If 8 men build a machine in 24 hours, how long 
will it take 16 men to build it? 

Solution : 24 hours is of the same denomination as the required 
answer, and y\ is the given ratio which is less than one, because 
the answer must be less than 24. 

Therefore, 24X^=12. Ans. 12 hours. 

Problem 2: In Fig. 73, if 6 revolutions of A move the slide 
2.203 inches, how far will 7 revolutions move it? 




Fig. 73 

Solution: 2.203 inches is of the same denomination as the 
required answer, and ^ is the given ratio which is more than one, 
because the answer must be more than 2.203. 

Therefore, 2.203*^ X i = 2.570'. Ans. 2.570 inches. 



EXERCISE 17 

1. What is the ratio of 8.432 to 7.67? Answer to be carried to 
four decimal places. 

2. What is the ratio of 5.6 to .2? Answer to be a whole number. 

3. What is the ratio of J to ^? Answer to be a common 
fraction. 
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4. n 9 drills co6t $11.43, what win 4 drills co6t? 

6. If 23 inches of tool steel cost S4.56, how many inches can be 
bought for $3.52? 

6. What common fraction must 64 be multiplied by to obtain 17? 

7. In Tig. 74, if shaft A 8. In Fig. 75, while A makes 
makes 100 revolutions, how 12 revolutions, what niunber of 
many revolutions will shaft B teeth must B have to make 18 
make? revolutions? 





Fig. 74 



Fig. 76 



9. In Fig. 76, if ^ of a revolution of A moves the slide .236 inch, 
how far wiU -J of a revolution move it? 




Fig. 76 

Product of Ratios 

89. A compounded ratio is the product of two or more 
simple ratios. 

For example, the simple ratios |, f , and f used as a com- 
pounded ratio has a value of |^Xf Xf or J- 

Example 1: If a man rated at 60 cents per hour, works 10 
hours a day, 6 days a week, and his son, rated at 30 cents per hour, 
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works 4 hours a day, 4 days a week, the ratio of the man's to the 
son's weekly pay will be the product of the simple ratios. 

Solution: ^ 

Ratio of cents Ratio of da3r8 

" ^60 wlOy eC^T 

Ratio of hours / 

The ratio of the man's to the son's weekly pay is 7|, or the m an 
earns 7| times as much as the son earns. 




Fig. 77 

Example 2: In Fig. 77, block A contains block B 18 times. 
Therefore the ratio of A to B is 18. 



.Ratio of length 



Ratio of width 



T^T^^ 



18 



\ Ratio of height 




Fig. 78 

Example 3: In Fig. 78, the product of the ratios of the com- 
pound gears shown is equal to the ratio of the simple gears. 

Thus, nxnxu=W' 

Compound Proportion 

90. A compound proportion is an equality of ratios, one 
or more of which are compounded. 

Example: If 12 men mill 150 jigs in 20 days working 6 hours a 
day, how many days will it take 15 men working 10 hours a day 
to mill 250 jigs? 

By the unit method, the solution would be as follows: 

12 men mill 150 jigs, working 6 hours a day, in 20 days. 
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1 man mills 150 jigs, working 6 hours a day, in 20X12 days. 

15 men miJl 150 jigs, working 6 hours a day, in 20X12-S-15 or 
20X12^ 

-15" ^^y^- 

20X12 
15 ihen mill 1 jig, working 6 hours a day, in — -- — r-150 or 

15 

20X12 ^ 

days. 



15X150 



20X12 
15 men mill 250 jigs, working 6 hours a day, in — — 777^X250 or 

20X12X250 J 
— — - — -—^ — days. 
15X150 ^ 

15 men mill 250 jigs, working 1 hour a day, in — — — X6 or 

20X12X260X6 . 

15X150 ^^'- 

15 men mill 250 jigs, working 10 hours a day, in 
20X12X250X6 ,^ 20X12X250X6 ,^ ^ 

15X150 -^^^ '' 15X150X10 '' '^ ^^^'' 



91. A better method is the compound proportion method. 

Rule of Compound Proportion: Multiply that number 
which is of the denomination that the answer is to be, by the 
product of the given ratios or ratios inverted. The nature of 
the problem indicates which ratios are to be inverted. 

Note. — The ratios must be between terms of the same 
denomination. 

Days same denomination as answer. 

Ratio of men to be less than one because there are more men; 



therefore the number of days should be less. 
Ratio of jigs to be more than one because there are more 

4^ jigs; therefore the number of days should be more. 
20X||xMXT^=16days. 

f Ratio of hours to be less than one because there 

are more hours; therefore the number of 
days should be less. 
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EXERCISE 18 

1. If four baiE of steel 5 feet long cost S12.S0, what will seven 
bus 6 feet long cost? 

2. If four men do 26 pieces of work in 7 hours, how loi^.will it 
take twelve men to do 40 pieces? 

3. If 45 pounds of steel are required for 250 pins 3 inches long, 
how many pounds would be required for 112 pins 7 inches long? 

1. If a block of steel 8 feet bng, 3 feet wide, and 2 feet thick, 
weighs 20539 pounds, what will be the weight of a block of the same 
kind of st«el 10 feet long, 4 feet wide, and 3 feet thick? 




Fig. 80 
} JOOO revolutions. 



Fig. T» 

6. In Fig. 79, if shaft A i 
revolutions will B make? 

6. In Fig. 80, if A makes 100 revolutions, how many revolutions 
will B make? 




Fig. 81 Fig. S3 

In Fig. 81, if B makes 5 revolutions, how far will the s 



8. In Fig. 82, if A makes 50 
revolutions, how many revolutjons 
will B make? 

9. In Fig. 83, if A makes 6 
revolutions, how many revolutions 
will B make? 





XIV 
GRADUATED DIALS 

92. When it is desirable to revolve a lead screw or some 
other form of shafting a definite amount, graduated dials 
are used as indicators. The dial is permanently fixed to 
the shafting, and a pointer arrangement is used to keep tab 
of the number of divisions the dial is being revolved (Fig. 84). 

For example, a dial with 100 marks is 

divided into 100 equal divisions, and if a shaft 

is to be revolved yf^ of a revolution the 

dial will be revolved through 6 divisions. 

How many divisions would this dial be 

revolved for 1 /200 of a revolution? 1 /300 of a 

J., g. revolution? 1/50 of a revolution? 1/160 of a 

revolution? 

93. A shaft can be revolved any part of a revolution, and 
the part determined accurately if the dial has a suitable 
number of divisions. For example, to revolve a shaft -^ of 
a revolution if the dial had 45 divisions, it would be moved 
through 4 divisions. 

94. Proportion can be used to good advantage in solv- 
ing problems involving graduated dials. 

Problem 1: If a dial has 170 divisions, through how many 
divisions would it be revolved to cause it to make J of a revolution? 

Solution: If one division equals yy^ of a revolution, j of a 

1 

revolution will equal IX— ^ or 42 J divisions. 

Problem 2: If one revolution of a dial moves a slide .125", 
how many divisions should dial have so that each division will move 
it .005'? 

Solution: If one revolution of the dial moves a slide .125", 
to move it .005* would require iX^fal or ^V of ^ revolution. 
Therefore, the dial should have 25 divisions, 
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Problem 3: In T^. 85, how many divisions must A have so 
tliat each division will niove slide .001'? 




Fig. 86 

Soltition: First find how far one revolution of the dial will 
move the slide. Thus, when A makes one revolution the screw 
will make J of a revolution. If one revolution of the screw moves 
the shde .200", then 3 of a revolution will move it i of .200* or 
.100'; therefore, one revolution of the dial will move the slide .100*. 

Then smce one revolution of the dial moves the slide .100*, to 
move it .001' would require 1 X^rf^ or j^ of a revolution. 

Therefore, the dial must have 1 00 divisions. 



96. When it is desired to move a slide a very small 
amount, the worm and worm wheel are frequently used in 
connection with a screw or a rack. 

Arack,worm,andwormwheel construction ia shown in Fig. 86. 



Let it be required to find the numher .of divisions 
that each division will move the sUde .0001'. 



Problem: 
on the dial si 



Fig. 86 

Solution: First find how far one revolution of the dial A will 
cause the shde to move. Thus, while A makes one revolution, B 
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will make 7^ of & revolution. If one revolufion of B moves the 
slide the distance of 12 teeth or ^ of an inch, ^ of a revolution 

will move the slide ^X^ or .040'; therefore, one revolution of A 
will move the slide .040'. 

Since one revolution of A moves the slide .040', to move it .0001* 
would require 1 X -^^ or ^^ of a revolution. Therefore, the dial 
would have 400 divisions. 

EXERCISE 19 



1. In Fig. 87, how many di- 
visions should A have so that 
each division will elevate the 
table .001'? 




2. In Fig. 88, how many divinons should A have so that each 
division will move the slide .0001'? 
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3. In Tig. 89, the cross-elide 
screw on the lathe shown haa 4 
threads per inch and there are 
125 divisions on the collar A. 

How many divisions should 
the collar turn to reduce the di- 
ameter of the shaft to be turned 
.018'? 



Fig. SO 

4. In Yig. 90, if the rack has 
2j teethperinch,howmany divi- 
sions should A have so that each 
djviwon will move B .0005'? 




Fig. 91 

6. In Fig. 91, if wheel A has 50 
notches and the lead screw has 2} 
threads per inch, how far will 3 notches 
of the wheel feed the table? 



6. In Fig. 92, if the 
rack R has 40 teeth per 
inch and if each divi^on 
on the dial indicator 
mo>^ea the rack .001', 
wh&t number of teetli 
must A have? 



XV 

SQUARE ROOT 

96. The square root of a number is one of its two equal 
factors. 

The radical sign V indicates that the square root of the 
number following it is to be found. For example, \/9 = 3. 

The vinculum is used with the radical sign. Thus, 
a/4X16 = 8. This grouping symbol indicates that the 
expression under it is to be treated as one quantity. 



The square of 1 = 1 
u u "2=4 

" " " 4=16 
** " " 5=25 



The square of 6 = 36 
u u u 7^49 

" " " 8=64 
" " " 9 = 81 



97. To extract the square root of a number: 
Problem: What is the square root of 87.654? 



8 7i6 5 
8 1 



6 
4 



2 




3 






1 


8 3/6 
5 


6 5 

4 9 






JL 


8 6 6/1 

1 


16 4 
119 6 




1 


8 


7 2 2/" 


4 4 4 






i 


8 7 2 4 


3 7 4 4 4 






_3/ 6 9 5 6 











5.6 1 7 2 


_9 



13 3 8 7 1 

Solution : Point off the given number into groups of two figures, 
starting at the decimal point. Should there be only one figure in 
the last group, place a cipher to the right of it. 

Thus, 87.654 equals 87.i65|40| 
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1. Find the largest single number whose square is less than or 
equal to the first group of figures to the left.. Write this number 
directly over the first group of figures as the first figure of the root. 
The square of this number is then subtracted as in long division. 
Thus, 87-81 = 6. 

2. Bring down and annex to the first remainder the next group 
of figures to form the new dividend. Double the first figure of the 
root and place it to the left of the first dividend to form part of the 
new divisor. Thus 9X2=18. Omitting the last figure of this 
dividend, see how many times the partial divisor is contained into 
it and place this figure (which cannot exceed nine) as a probable 
second figure of the root. This number helps to form the complete 
divisor, being placed to the right of the number or numbers 
there. 

3. This complete divisor is then multiplied by the second figure 
of the root and the product is placed under the dividend, and sub- 
tracted but if this product is larger than the dividend, the second 
figure of the root is made one smaller and carried through as 
before. 

4. Bring down and annex to this second remainder the next, 
group of figures to form a new dividend. Double the first figures 
now in the root and place them to the left of this new dividend to 
form part of the new divisor. Thus, 93X2=186. Omitting the 
last figure of this new dividend, see how many times this partial 
divisor is contained in it and place this figure as a probable third 
figure of the root. This number helps to form the complete divisor, 
bein? placed to the right of the numbers there. This complete 
divisor is then multiplied by the third figure of the root, the product 
placed under the dividend, and then subtracted. 

This process is continued until the required root is obtained. 

After all the groups of figures have been used, bring down suc- 
cessively two ciphers till the required number of decimals are 
obtained. 

To take care of the decimal point place the decimal points of the 
root directly above the other decimal point. 

To prove square root, multiply the root by itself and add the last 
remainder. This should equal the original number. 

Thus, 9.3623X9.3623+.00133871 = 87.65400000. 
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98. Other illustrations of the method of extracting 
square root. 



Problem: Extract the square Problem: Extract the square 
root of 87654. root of .090620. 



Solution: 



Solution: 



8 
4 



9 

7 6 



6 i 
5 4, 



6 




4 9ATW 
4 4 1 
5 8 6/ 3 5 5 4 
5 1 6 



5 9 2 



Oft/ 



3 8 
3 5 5 2 3 6 



.80103 
.0 906200000 

* 9 

^01/ 00620 

* ♦ 6 1 

6020 3/ 1 9QQQQ 

18 6 9 



If the partial divisor is not contained in the dividend, the next 
group of figures is brought down and annexed to the dividend. 
Then add a cipher to both the divisor and root. This is shown at *. 



99. The root of a fraction can be found in two different 
ways. 

16.703 



Example: Extract the square root of 



25 



First Solution: Extract the square root of both the numerator 
and the denominator; then reduce the resulting fraction to a 
decimal. 



Thus, 



4 



16.703 V16.703 4.0869 



= .81738 



25 V25 5 

Second Solution: Reduce the fraction to a decimal; then 
extract the square root. 

Thus, 



/l 6.703 r 



66812 =.81738. 
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EXERCISE 20 

1. Extract the square root of 45369. 

2. Extract the square root of 1020100. 

3. Extract the square root of -]^« 
Find the values of: 

4. a/2222. 
6. V.0036. 

6. V9.0001. 

7. V814.34. 

/ 32.1 
\ 16.07' 
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XVI 
CUTTING SPEEDS AND FEEDS 

100. Tools of various kinds of steel are used in machining 
metals. Some tools can be run at higher speed than others, 
and likewise some metals can be machined at a greater speed 
than others. 

The makers of these steels usually specify at what speed 
they are to be run. The speed of a tool or work is given in 
feet per minute. Therefore, in circular work it becomes 
necessary to calculate the nimiber of revolutions per minute 
the tool or work must have, so that the proper peripheral 
speed may be obtained. 

The peripheral speed of drills, shafts, cutters, emery wheels, 
etc. are calculated on the outside diameter. 

To Find R. P. M. 

101. The outside diameter in inches and the feet per 
minute the tool or work is to travel being given, the number 
of revolutions per minute can be obtained by the following 
formula: 

feet per minute 42 _ p p ^ 
outside diameter 11 

Problem: How many R.P.M. must a 6-inch shaft be given 
so that it will have a peripheral speed of 48 feet per minute? 

Solution: ^xf|=W=30.5+ Arts. 

Problem: How many R.P.M. must a 10-inch emery wheel be 
given so that it will have a peripheral speed of 5500 feet per minute? 

Solution: ^^Xff =2100 Ans, 
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To Find Feet per Minute 

102. The R. P. M. and diameter of the shaft being given, 
the peripheral speed can be found by the formula: 

R. P. M.X outside diameter Xtt^f^et per minute. 

Problem : What is the peripheral speed of a 6-inch shaft running 
at 30.5 R.P.M.? 

Solution: 30.5X6X^1 = ^^=47.9+ feet per mmute. 

Problem: What is the peripheral speed of a 10-inch emery 
wheel running at 2100 R.P.M.? 

Solution: 2100X lOX ii= 5500 feet per minute. 

To Find the Outside Diameter 

103. The R. P. M. and the peripheral speed being given, 
the diameter of wheel or shaft in inches can be found by the 
following formula: 

feet per minute ^^42 . -j j- x • • i_ 
— p -p ^, Xt7 = outside diameter in inches. 

XV. X . JVl. 11 

Problem: What diameter of wheel should be used on a spindle 
running at 2100 R.P.M., so that the peripheral speed will be 5500 
feet per miiiLute ? 

Solution: lTwXfr= 10 inches diameter. 

104. To determine the time required to drill a hole when 
cutting speed of drill and dimensions are given: 

Problem: If a cutting speed of 60 feet per minute is used, how 
long will it take to drill a two-inch hole 4 inches deep if the feed 
iequals .020 inch per revolution? 

Solution: Drill must make 77770 or 200 revolutions to advance 
4 inches. At 60 feet per minute the drill must make -^Xff or 
114.5 R.P.M. At 114.5 R.P.M. it would take 1.74 minutes for 
200 revolutions. 
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Fig. 93 

106. la Fig. 93 the maximum speed of the tool is the 
same as the peripheral speed of pin X. For example, if the 
pin X has a peripheral speed of 70 feet per minute, the maxi- 
mum speed of the sUde will be 70 feet per minute. 




Fig. 91 
106. In Fig. 94 the maximim i speed of the tool equals 

J A 24.32 

(the peripheral speed of pin)X ^ — For example, if 

A=4*', and B = 10", and the peripheral speed of pin equals 
70 fee t per mi nute, the maximum speed of the slide equals 

70 X rrT. =75.4 feet per minute. 
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EXERCISE 21 



1. At 400 R.P.M., how long will it take a shaft to make 70201 
revolutions? 

2. How many R.P.M. should a J" drill be given to have a 
cutting speed of 45 feet per minute? 
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3. How many revolutions are required to drill a hole 3 
if a feed of .025' is used? 

4. How many R.P.M. should an 8' cutter for a milling machine 
be given in order to produce a cutting speed of 45 feet per minute? 

6. Find the surface speed of an emery wheel 17' in diameter 
making 1200 R.P.M. 

6. What cutting speed is required to drill a 3' hole 2' deep in 
4 minutes, if a feed of .025' is used? 




7. In Pig. 95, find the 
diameter of pulley B so that 
the peripheral speed of the 
emery wheel will be 6000 feet 
per minute. 



Fig. 80 

8. In Fig. 96, if the distance 
from tooth to tooth A equals 
.3142' and it a cutting speed of 60 
feet per minute is used, how long 
would it take to drill a. hole 5 
inches deep? 
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h^-f 



4'—^ 




Fig. 97 

9. In Fig. 97, if the rough stock is 3f 'X lOi' and the speeds of 
the lathe are 20-28-44-68-100 R.P.M., how long would it take 
to rough this shaft by taking \ of an inch cuts and using .030' 
feed, with a running speed not exceeding 60 feet per minute? 



10. In Fig. 98, how many 
R.P.M. must A make to cause 
the tool to have a maximum speed 
of 45 feet per minute? 




Fig. 98 



XVII 

GEOMETRY AND MENSURATION 

107. Parallel lines are lines 

that continue the same dis- , 



tance apart (Fig. 99). Fig. 99 



*^mm 



__ 108. A horizontal line is a 

~ ~-'^^ - Une that runs parallel with the 

Fig. 100 water level (Fig. 100). 



109. An angle is the opening between 
two intersecting lines and its unit' of 
measure is the degree (Fig. 101). p| ^^^ 



110. A perpendicular line is a line 
that joins or crosses another line so that 
the angle on one side equals the angle on 
the other side (Fig. 102). 




Fig. 102 



111. A vertical line is a line that is 
perpendicular to a horizontal line (Fig. 

103). "'tf:::^ ^ _ 

Fig. 103 

112. If two lines intersect each other, 
the opposite angles formed will be equal 
(Fig. 104). 

Angle A = angle B. 
^^'^^ Angle C = angle D. 
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Fig. 105 



113. If a number of parallel lines are 
cut by a transversal, the corresponding 
angles will be equal (Fig. 105). 



114. A triangle is a figure bounded by three straight lines. 
The smn of the three interior angles of any triangle is always 
equal to 180°. If the sum of two given angles of a triangle 
be subtracted from 180°, the remainder will be the third 
angle. 




Right Triangle 

Fig. 106 




Equilateral Triangle 

Fig. 107 




Scalene Triangle 

Fig. 108 




Isosceles Triangle 

Fig. 109 



116. An oblique triangle is one that has no right angle. 

The simi of any two interior 
angles of a triangle is always 
equal to the complement of the 
third angle (Fig. 110). __ 

A+B = D; B+C = F; A+C=E. Fig. 110 
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EXERCISE 22 

In the following figures^ find the value m degrees of the angle 
indicated by?. 



2. 







Fig. 112 



Fig. HI 



3. 




Fig. 113 



4. 




Fig. 114 



6. 




Fig. 115 



6. 




Fig. 116 
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7. 



8. 




EOVtLATBJtAL TRIAMOX 





Isosceles Triangle Jt/e/lT AN&.ED TTflMfGLS 

Fig. 117 F g. 118 

116. A circle is a plane figure bound- 
ed by a uniformly curved line called the 
circumference, every part of which is an 
equal distance from a point called the 
center (Fig. 119). 

The radius of a circle is a straight line ^ 
from the center to any point in the cir- 
cumference. 

The diameter of a circle is the line ^^' ^^^ 

passing through the center and terminating at two op- 
posite points in the circumference. 

A = diameter . C = circumference . 

3.1416 = ^=Pi. 
C 




^^W^^ 



A = 



3.1416 



C = AX3.1416. 



117. A straight line is a tangent to a circle 

when it touches it at one point only. 

The point at which the straight line meets the 
circumference is called the point of tangency (A 
Fig. 120 in Fig. 120). 



a 



118. If a line is tangent to a circle, it is also 
perpendicular to a line drawn from the center of 
the circle to the point of tangency (Fig. 121). 




Fig. 121 
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119. If two circles are tangent 
to each other, their centers and the 
point of tangency are in the same 
straight line (Fig. 122). 




Fig. 122 




120. If, from a point without 
a circle (Fig. 123), two tangents 
are drawn to a circle, then a line 
drawn from the vertex X through 
the center of the circle will bisect 
the angle formed. Thus, angle 
Fig. 123 A = angle B. 

The distances from the vertex of the angle to the points of 
tangency will be equal. Thus, C = D. 

If a line is drawn through the points of tangency, it will 
be perpendicular to the line drawn from the vertex to the 
center of the circle. 



EXERCISE 23 

« 

1. What is the circumference of a circle 5.674 inches in diameter? 
In Figs. 124, 125, and 126, find the values of the angles indicated 
by ?. 

3. 




Fig. 124 
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Fig. 126 



5. In Fig. 127, what is value of angle A? 




Fig. 127 



121. The square has four equal 
sides and four equal angles. 

In Fig. 128, A equals the length of a 
side or the diameter of the inscribed circle. 

C equals the diameter of the circum- 
scribed circle. 

^ C= AX 1.4142. 




A= 



1.4142 



Fig. 128 




122. A regular hexagon has six 

equal sides and six equal angles. 

In Fig. 129, A equals the diameter of 
the inscribed circle. 

C equals the diameter of the circum- 
scribed circle. 

C 



Fig. 129 



A = 



1.1547 



C=AX1.1547. 



123. An arc is any portion of the cir- 
cumference (Fig. 130). 

A chord is a straight line joining the 
two extremities of an arc. 

A segment is a plane figure boimded 
by a chord and its are. 

A sector is a plane figure bounded by 
two radii and the arc between them. 




. Fig. 130 
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124. A polygon is a plane figure bounded by three or 
more straight lines. 

The sum of the interior angles of a polygon is equal to the 
product of 180 degrees and the number of sides minus two. 





Fig. 131 Fig. 132 

Examples: 

In Fig. 131, (4 -2) (180) = 360 degrees. 

A+B+C+D=360 degrees. 
In Fig. 132, (5 - 2) ( 180) = 540 degrees. 

A+B+C+D+E=540 degrees. 

EXERCISE 24 





Fig. 133 

1. What is the smallest 

diameter that a shaft could have, 

so that a perfect 1.375*' square 

can be milled on it? (Fig.. 133.) 



Fig. 134 

2. What is the largest per- 
fect square that can be milled 
on a shaft 3.5' in diameter? 
(Fig. 134.) 




5 



Fig. 136 

3. In Fig. 135, find the value 
of?. 




Fig. 136 

4. In Fig. 136, find the value 
of?. 
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Fig. 137 



Fig. 138 



5. In Fig. 137, find the value 6. In Fig. 138, what is the 
of the angle indicated by ?. value of the angle A? 



^^^Tl."^ 





Fig. 140 



Fig. 139 
7. In Figs. 139 and 140, if the gears are in the same pitch, 
how many teeth will the small gear have, X being the distance 
from one tooth to the next, measured along the pitch line? 

126. The center of a circle circumscribed 
about a triangle will be at the point of inter- 
section of perpendiculars erected at the 
middle points of any two sides (Fig. 141). 



Fig. 141 

126. To inscribe a circle in a 
given triangle: Bisect two of the 
angles. The intersection of the two 
bisectors will be equally distant 
from the three sides (Fig. 142). 





Fig. 142 
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127. In any right triangle, 
the sum of the two legs is 
equal to the sum of the hypo- 
tenuse and the diameter of 
the inscribed circle (Fig. 143). 
Thus, A+B = C+D. 




Fig. 143 





Fig. 144 



Fig. 146 



128. If two chords intersect each other in a circle, the 
product of the segments of the one chord equals the product 
of the segments of the other (Figs. 144 and 145). 

Thus, AXB = CXD. 




Fig. 146 



Fig. 147 



129. All angles having their vertices in the periphery of 
a circle and subtended by the same chord are equal (Figs. 146 
and 147). 

Angles A, A', and A*' are all subtended by the same 
chord CD and are equal. 

If an angle at the circumference of a circle, between two 
chords, is subtended by the same arc as the angle at the 
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center between two radii, then the angle at the circumference 
is equal to one half of the angle at the center (Figs. 146 
and 147). 

Thus, angle A=| angle B, 



EXERCISE 26 

In the following figures, solve for ?. 

1. ^ ===:;7 — f 2. 

T 



L 





Fig. 148 



Fig. 149 



3. 




Fig. 160 



4. 




Fig. 161 
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Fig. 162 



AREAS 

130. The area of a rectangle equals 
the product of the base and the altitude 
(Fig. 152). For example, the area of a 
rectangle 4 inches long and 3 inches 
wide is 3X4 or 12 square inches. 

If the area and one side of a rectangle are given, the other 
side can be found by dividing the area by the given side. 
For example, the area of a rectangle equals 12 square inches 
and one side is 3 inches, then the other side equals V or 
4 inches. 

One side squared equals the area of a square. For ex- 
ample, the area of a square whose sides are 5 inches equals 
5^ or 25 square inches. 

If the area of a square is given the side can be found by 
extracting the square root of the area. For example, the 
area of a square is 16 square inches, then one side equals 
Vl6 or 4 inches. 




Fig. 163 

131. The area of a triangle equals one half the product 
of the base and the altitude (Fig. 153). Therefore, tri- 
angles that have equal bases and altitudes have equal areas. 
For example, if the base equals 5 inches and the altitude 8 
inches, then the area =fX5X8=20 square inches, 
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Fig. 164 

132. The area of a parallelogram equals the product of 
the base and the altitude (Fig. 154). Therefore, parallelo- 
grams that have equal bases and altitudes have equal areas. 
For example, if the base equals 6 inches and the altitude 
5 inches, then the area equa-ls 6X5 or 30 square inches. 

133. The area of a trap- 
ezoid equals the product 
of the altitude and one half 
of the sum of the base and 
the top (Fig. 155). There- 
fore, trapezoids that have Fig. 166 

equal bases, tops, and altitudes have equal areas. For ex- 
ample, if the top equals 4 inches, base 7 inches, and the 
altitude 6 inches, then the area equals J(4+7)X6 or 33 
square inches. 

134. The area of a circle equals the radius squared multi- 
plied by 3.1416 or A-ffRs. 






Fig. 156 
In Fig. 1S6, the areas A, B, and C are equal. 
Area C = J(2Rw}(R) = n-R^ 

For example, if the radius equals 6 inches, then the area 
equals 3.1416X6== 113.1 square inches. 



136. The ratio of the area 
of a circle that can be inscribed 
in a square to the square equals 
.7854; therefore, the diameter 
squared and multiplied by 
.7854 also equals the area of a 
circle. 




Fig. 167 



136. The lateral area of a cylinder 

equals the product of the diameter of the 
base, the altitude, and 3.1416; or area 
= DXAXt. For example, if the diameter 
is 10 inches and the altitude is 11 inches, 
then the lateral area of the cylinder 
equals 3.1416x10x11=345.576 square 



137. The lateral area of a cone equals one half the prod- 
uct of the diameter, the slant height, and 3.1416; or area 
= iDXSXT. For example, if the diameter is 5 inches 
and the slant height is 8 inches, then the lateral area equals 
3X5X3.1416X8 = 62.832 square inches. 




Fig. 109 
In Fig. 159, the areas of the three figures are equal. 



138. The lateral area of the frustum of a cone equals 
the product of one half the sum of the diameters of the base 



92 



SHOP MATHEMATICS 



and the top, the slant height, and 3.1416; or area = 
I — ^ — fXSXTT, For example, if the small diameter is 

4 inches, large diameter 6 inches, and the slant height 

6+4 

5 inches, then the lateral area equals -rt—X3. 1416X5 = 78.54 

square inches. 




-l^Tr 
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\ 
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Fig. 160 
In Fig. 160, the areas A, B, C, and D are equal. 

139. The area of a sphere equals 4 ;r R2 or nr D^. 

A thorough conception of similar figures is necessary 
before taking up the proof of the formula for the area of a 
sphere. 

The angles in the triangles shown are equal; therefore, 
the triangles are similar (Fig. 161). 

I 
Then,Z = (R)( M = g 




Fig. 161 



./, 




Each thickness of the frustums of the cones, shown in Fig. 1 
is equal to ^- 



The lateral area of the frustum o: 



■ fja^). 



equal to S; therefore, the area of the frustum of cone D equals 

The areas of the fruatuma of the cones A, B, C, E, F, G, and H 
can be proven m the same manner to equal — - — 

If the area of one of the frustums of the cones equals — - — , 



These 8 frustums of cones do not form half of a perfect sphere, 
but as the number of frustums of cones increases a perfect half 
sphere will be formed. That is, by using an infinitely large number 
of frustums of cones the area of each being the same, their sum 
will equal 2jrR5. 

If half of the area of a sphere equals 2irR^, the whole area must 
equal 2(27rR2) or 4TrR2. 

For example, if the radius of a sphere is 6 inches, then the area 
equals 4x3.1416X6X6=452.39 square inches. 
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Fig. 163 Fig. lU 

In Fig. 163, what ie the area of the rectangle? 
In Fig. 164, what is the area of the parallelogram? 




Fig. 16S Fig. 166 

In rig. 165, what is the area of the triangle? 
In Fig. 166, bow many square inches in the shaded figure? 




fig- 167 Fig. 166 

8. Find the area of the quadrilateral in Fig. 167. 
6. What is the area of the circle in Hg. 168? 
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7. If the area of a circle is 12.76 square inches, what is the 
diameter? 
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Fig. 169 



Fig. 170 



8. In Fig. 169, if B=2A and the area =64 square inches, find 
the length of B. 

9. In Fig. 170, find the length of A. 





Fig. 171 



Fig. 172 



10. In Fig. 171, find the area of the shaded portion A. 

11. In Fig. 172; find the area of the surface of the sphere* 



V. 




Fig. 173 

140. The volume of a parallelepiped equals the product 
of the area of the base and the altitude (Fig. 173). There- 
fore, parallelepipeds that have equal bases and the same 
altitudes have equal volimies. For example, volume equals 
7X4X5 = 140 cubic inches. 




Fig. 174 



141. The volume of a pyramid equals one third ot ttie 

product of the area of the base and the altitude. Therefore, 

pyramids that have equal bases and the same altitudes have 

equal volumes. For example, if the area of the base equals 6 
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square inches and the altitude 8 inches, then the volume 
equals JX6X8=16 cubic inches. 

In Fig. 174, the volumes of pyramids A, B, C, D, and E 
are equal. 




Fig. 176 

142. The volume of a cyl- 
inder equals the product of 
the area of the base and the 
altitude, or tzR^ X altitude 
(Fig. 175). For example, if 
the radius is 5 inches and the 
altitude 8 inches, then the 
volume equals 3.1416X52X8 
= 628.32 cubic inches. 




Fig. 176 

143. The volume of a cone 

equals one third the product 
of the area of the base and 
the altitude, or 1.0472 R^X 
altitude (Fig. 176). For ex- 
ample, if the radius equals 5 
inches and the altitude 8 
inches, then the volume 
equals 1 .0472 X 5^ X 8 = 209.44 
cubic inches. 
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144. The volume of a rectan- 
\ gular p3rramid equals one third of 
\ the product of the area of the base 
^^} and the altitude (Fig. 177). For 
/ example, if the area of the base is 
^g. 177 9 square inches and the altitude 

8 inches, then the volume equals JX9X8=24 cubic inches. 

1 1 • 
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Fig. 178 




145. The volume of a 
sphere equals one third 
of the product of the area 
and the radius, or l^rR' 
(Fig. 178). For ejcampie, 
if the radius is 6 inches, 
the volume equals 
I X 3.1416X6'= 904.78 
cubic inches. 
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Fig. 179 Fig. 180 

1. Find the volume of the rectangular parallelepiped in Fig. 179. 

2. What is the volume of the oblique parallelepiped in Fig. 180? 



^' " A 





Fig. 181 Fig. 182 

3. Find the volume of the cylinder in Fig. 181. 

4. Find the cubical contents of the large cylinder exclusive of 
the core, in Fig. 182. 
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Fig. 183 



Fig. 184 



6. What is the volmne of the triangular pyramid in Fig. 183? 
6. In Fig. 184, what is the volume of the circular cone? 





Fig. 186 



Fig. 186 



7. Find the volmne of the quadrilateral pyramid in Fig. 185. 

8. What is the volume of the sphere given in Fig. 186? 



n559i 
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PYTHAGOREAN THEOREM 

146. The following is the proof that the sum of the 
squares of the two sides of a right triangle is equal to the square 
of the hypotenuse. This is called the Pytiiagorean theorenL 



/ 
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, ^ 
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Fig. 1 



Fig. 1 



Fig. 187 

In Fig. 187, the total area of Fig. 1 is equal to the total area of 
Fig. 2. 

If, in Fig. 1, the area of the pieces 1, 2, 3, and 4 be subtracted 
from the total area, the parts that remain will be A^+B^. 

If, in Fig. 2, the area of the pieces 1, 2, 3, and 4 be subtracted from 
the total area, the part that remains will be C^. 

In both figures the pieces 1, 2, 3, and 4 all have the same area. 

The total areas in Fig. 1 and Fig. 2 are equal, and equal areas 
have been subtracted from both figures; therefore, the parts that 
remain must be equal. 

With a little logical reasoning it becomes evident that A^+B*=«C*. 

147. From the above proof the following rules are derived: 

Rule 1 : When the lengths of the two sides of a right triangle 
are known, the hypotenuse can be found by adding the squares 
of the lengths of the two sides and extracting the square root 
of this sum. 

Problem: If A=5 inches and B = 6 inches, what is the length 
of the hypotenuse C? 
Solution: 52=25; 62=36. 

25+36=61. 

C=V6i = 7.81 inches. 
100 
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Rule 2: When the hypotenuse and one side are knowny 
the other side can be found by subtracting the square of the 
known side from the square of the hypotenuse and extracting 
the square root of the difference. 

Problem: If A=7 inches and C= 10 inchee, what is the length 
of the other side B? 
Solution: 102=100; 72=49. 

100-49^=51. 

B=V51=7.141 inches. 
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Fig. 188 



Use Fig. 188 for reference: • 

1. If A = 10. 1 1 and B = 6.72, what does C equal? 

2. If A = 11 and B= 14, what does C equal? 

3. If B = 6.4 and C = 7.2, what does A equal? 

4. If A = .312 and C = 8.04, what does B equal? 
6. If B = 5.661 and C = 10.7, what does A equal? 

In the following figures, solve for the unknown quantity indi- 
cated by ?. 



6. 



7. 




h-/*' 




Fig. 190 
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8. 



9. 




Equilateral Triangle 

Fig. 191 




Fig. 192 



10. 



11. 




Fig. 193 




13. 





Fig. 196 



Fig. 196 
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14. 



15. 





Fig. 197 



Fig. 198 



Relation of Altitude Line and Midpoint of Base 

148. The altitude of a triargle is a line drawn from the 
vertex of any angle perpendicular to the opposite side or 
side extended. 




In Fig. 199, Y equals the distance between the foot of the altitude 

line and a point in the middle of the base. If B represents the base 

A2— C^ 
and A the longer of the two remaining sides, then Y= — ^r^ — 

213 



Altitude= VA2-(Y+§B)2or VC2-(Y-iB)2. 
Area = (^B) (altitude) . 
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149. The proof that Y=^^^^'; 





Fig. 200 

From Fig. 200: 
A2-(^B+Y)2=X2; 

C2-(iB-Y)2=A2-(iB+Y)2. 
C2-(iB2-BY+Y2) = 

A2-(iB2+BY+Y2). 
C2-JB2+BY-Y2 = 

A2-1B2-BY-Y2. 
2BY=A2-C2. 
Y^A2-C2 



2B 



Fig. 201 
From Fig. 201 : 

A2-(Y+|B)2=X2; 
C2-(Y-JB)2=X2. 
C2-(Y-|B)2=A2-(Y+^B)2. 
C2-(Y2-BY+iB2) = 

A2-(Y2+BY+JB2). 
C2-Y2+BY-iB2= 

A2-Y2-BY-iB2. 
2BY=A2-C2. 
A2-C2 



2B 
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Fig. 202 Fig. 203 

1. In Fig. 202, find the distance from the foot of the altitude to 
the midpoint of the base. 

2. In Fig. 203, in which the altitude cuts the line of the base 
extended, find ?. 
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Fig.a04 

3. In Fig. 204, with the three sides given, find the altitude. 

4. In Fig. 205, with three sides given and the altitude falling 
outside the base, find ?. 
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Fig. 206 



ANGLES 

160. If a line revolves about 
one of its extremities an angle 
is generated, the magnitude of 
the angle depending on the 
amount of the revolution. 

The magnitude of the angle is usually measured in degrees, 
minutes, and seconds (Fig. 206). 

151. A degree is 

s^jf of a circle (Fig. 
207). 

One degree is equal 
to 60 minutes. 

A minute is YriTTTr 
of a circle. 

One minute is equal 
to 60 seconds. 

A second is TT^TTTrir of ^t circle. 

162. One degree equals 60 minutes or 3600 seconds. 
Degrees, minutes and seconds are indicated by the marks 
° ' \ Thus, 36° 20' 25" is read ^'36 degrees, 20 minutes, 
and 25 seconds." 

163. For a given angle the ratio of the 
length of its arc to the length of the radius k 
is constant; in other words, for a fixed ^ 
angle the ratio (arc to radius) is the same 
for any length of the radius. 





Thus, ^=i (Fig. 208). 



Fig. 208 
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161. Example of addition of angles. 

A 




Fig. 209 
Problem: In Fig. 209, what angle does A equal? 

Solution: 10° 20' 50' 

90° 44' 
14° 11' W 

114° 75' 64'= 115° 16' 4' Am. 
165. Example of subtraction of angles. 




Problem: 
Solution: 



Fig. 210 

In Fig. 210, what angle does A equal? 

95° 11' 23' = 94° 70' 83' 
17° 20' 40^ 

77° 50' 43' Arts. 



166. Example of multiplying an angle by a number. 

A 




Fig. 211 

Problem: In Fig. 211, what angle does A equal? 

Solution: 10° 11' 25' 

4_ 

40° 44' 100' = 40° 45' 40'. Ans. 
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157, Example of dividing an angle by a number. 






Fig. 212 ^™ 


Problem: 


In Fig. 212, what angle does A equal? 


Solution: 


60- .l'28-_60-W 88- ,„„_.. 



158. A decimal degree can be reduced to degrees, min- 
utes, and seconds, by multiplying the part of a degree by 
60 to reduce it to minutes; then multiplying the part of a 

minute by 60 to reduce it to seconds. 

Example: Reduce 18.743° to dpgreea, minutes, and aeconda. 

Solution: .743° equals .743 X60 or 44.58 minutes; .58 minutes 
equals .58Xfin nr .^.8 seconds. Then, 18.743° equals 18° 44' 34.8'. 

159. Degrees, minutes, and seconds may be reduced to a 
decimal degree by dividing the seconds by 60 to reduce them 
to a decimal part of a minute; then add this to the given 
minutes and divide this sum by 60 to reduce it to a decimal 
degree. 

Example; Reduce 14° 17' 35' to a decimal degree. 

Solution: 35 seconda equals 35-i-60 or .583 minutes. There- 
fore 14° 17' 35'= 14° 17.583'. 17.583 minutes equals 17.583-f-60 or 
.29305 degrees. Then, 14° 17' 35"= 14.29305°. 

160. To find the angle equal to a certain part of a circle, 
multiply the part of a circle by 360°. 

Example: What angle is equal to .2465 of a circle? 
Solution: .2465X360°=S8.74°=88°44.4' = 88°44' 
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161. To find the part of a circle that is equal to a given 
angle, divide the given angle by 360°. 

Example: What part of a circle is equal to 17° 42' 11'? 

Solution: 17° 42' ir = 17° 42.183' = 17.7003°. 
17.7003° -^360°=. 04916 of a circle. 



162. To find the diameter when 
the arc and angle are given: Find 
what part of the complete circle the 
angle equals. Then, the arc divided 
by this part of the circle equals the 
circumference. 

The circumference divided by 
3.1416 equals the diameter. 

Example: In Fig. 213, find A. Fig. 213 

Solution : 17° 14' = 17.2333°. 
17.2333° -^ 360° =.04787 of the complete circle. 
4.26-f- .04787 = 88.991, which is the circumference. 
88.991 -^3.1416 = 28.326, which is the diameter. 




EXERCISE 30 




Fig. 214 

1. In Fig. 214, how many 
degrees in angle B? 

3. Reduce 17.945° to de- 
grees, minutes, and seconds. 

4. Add 18° 47' 13^ 26° 53', 
17° 42', and 16° 0' 32^ 

6. Reduce 26° 37' 23*^ to a 
decimal degree. 




Fig. 216 

2. In Fig. 215, what angle 
does A equal? 
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Fig. 216 

6. In Fig. 216, what angle 
does A equal? 



DPtLL 




Fig. 217 

7. Find the value of angle 
A in Fig. 217. 




Fig. 218 

8. In Fig. 218, how many 
teeth must A and B have so 
that, while A revolves 168°, B 
will revolve 172°? 




Fig. 219 

9. In Fig. 219, while A 
revolves 123°, how many de- 
grees, minutes, and seconds in 
gear B pass the hne? 




10. In Fig. 220, if D = 6.35% and A 
3.27 r, what angle does Q equal? 

11. In Fig. 220, if A= 1.865', and 
62° 14', what does D equal? 



Fig. 220 



XXII 
VERNIER MEASURING INSTRUMENTS 

Vernier Calipers 

163. Scales of different descriptions are used for deter- 
mining linear measurements. When more accurate dimen- 
sions are to be measured, the vernier is used. 

164. The number of divisions on a vernier is governed 
by the distance between the divisions on the scale and the 
distance that the vernier must move to cause the next set 
of lines to match. 

Rule: To obtain the number of divisions on a vernier y 
divide the distance between each two divisions on the scale by 
the distance the vernier must move to cause the next set of lines 
to mjatch. 






1 



Fig. 221 Fig. 222 

Example: What number of divisions must the vernier have 
that, when the next set of lines matches, the vernier will move \ 
of an inch, the distance between divisions on the scale being equal 
to 1 inch. 

Solution: The number of divisions the vernier must have 
equals l-^-J or 4. 

To function properly these 4 divisions must occupy the same 
space as 1 more or 1 less divisions on the scale. Fig. 221 shows 
the 4 divisions of the vernier occupying the same space as 3 divisions 
on the scale, and Fig. 222 shows the 4 divisions of the vernier 
occupying the same space as 5 divisions on the scale. In either 
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8. 




EquUateral Triangle 

Fig. 191 



9. 



jrso'iHi^ 




Fig. 192 



10. 



11. 




Fig. 193 




13. 





Fig. 196 



Fig. 196 
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14. 



15. 





Fig. 197 



Fig. 198 



Relation of Altitude Line and Midpoint of Base 

148. The altitude of a triargle is a line drawn from the 
vertex of any angle perpendicular to the opposite side or 
side extended. 




In Fig. 199, Y equals the distance between the foot of the altitude 

line and a point in the middle of the base. If B represents the base 

A2— C^ 
and A the longer of the two remaining sides, then Y= — — — 

^13 



Altitude = VA2-(Y-fiB)2or VC2-(Y-iB)2. 
Area = (JB) (altitude) . 



114 SHOP MATHEMATICS 

Then, 30 equals the number of divisions the vernier must 
have, and these 30 divisions must occupy the same space as 
29 divisions or 29° on the protractor, 

EXERCISE 31 

' In Figures 229, 230, 231, and 232, coinciding lines being indicated 
by arrows, determine the values of the unknown quantities indicated 
I^ the letters A, B, C, and D. 



Fig. 229 


Fig. 230 


Fig. 231 


Fi^.232 


1. A. 


6. A. 


7. A. 


9. A 


2. B. 


6. B. 


8. B. 


10. B 


3. C. 






11. C 


4. D, 






12. D 
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Vernier Piotnctoc 
Fig. 332 



XXIII 
SIMILAR FIGURES 

170. Similar figures are figures such that one may be 
obtained from the other by proportional enlargement or 
reduction. Fig. 233 shows a series of similar figures. 



o 



o 



□ 





Fig. 233 



171. The ratios of the corresponding sides of similar 

figures are equal. 

Thus, in Fig. 234, 

£ is 2^ times A, 
F " " " B, 

H " " " D, 

A and E, B and F, C and G, 
and D and H being correspond- 
Fig. 234 ing sides. 





172. If all the sides of a figure be multiplied by the same 
number, and these products used to construct a second 
figure, the two figures will be similar. 



In this way Fig. 235 may be enlarged 
to Fig. 235A by using 1.4 for such a 
multiplier. 

Thus, .6X1. 4 = .84, 
.55X1. 4 = .77, 
.4 XI. 4 =.56, 
.375X1.4 = .525, 





Fig. 235A 
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173. If all the sides of a figure are divided by the same 
number, and these quotients used to construct a second 
figure, the two figures will be similar. 




Fig. 236 



In this way Fig. 236 may be 
reduced to Fig. 236A by using 
1.5 for such a divisor. 

Thus, 

2-5-1.5 = 1.3333, 
2.3094^1.5 = 1.5396, 
1.1547-rl.5=.7698. 




Fig. 236A 



174. All the dimensions of a figure, and one side of a 
similar figure being given, to find the other sides: Find what 
fraction the corresponding side must be multiplied by to 
make it equal the given side in the second figure; then 
multiply successively the given dimensions to find the cor- 
responding dimensions of the similar figure. 

Example: What is the length of A, B, and C, in Fig. 237A? 





Fig. 237 



Fig. 237A 



Solution : To find what fraction one number must be multiplied 
by to obtain another given number, let the denominator be the 
one given number and the numerator the given number to be 
obtained. 

In the above problem 10.2 iti Fig. 237 must be multiplied by |^ 
to obtain 14.3, the length of the corresponding side in Fig. 237 A. 



14.3 



Thus, 10.2X10^=14.3. Then the other sides in the first figure 
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must be multiplied by j^ to equal the corresponding sides in the 
second figure. 

Thus, A equals 5.4 X iH = 5.4 X 1 .402 = 7.5708. 

B equals 7.2 X 1^2 = 7-2X1.402 = 10.0944. 
C equals 6.3Xx^2=6-3X 1.402 = 8.8326. 

176. Many problems that seem to require algebra for 
their solutions may be solved by constructing similar figures. 

Problem 1 : Find X as indicated m Fig. 238. 







Fig. 238 

Solution: Construct a similar figure as indicated, making 
the side, which corresponds to the unknown side, 1. In the 
second figure A=l — |— J = y\. Then, by similar figures, X= 
lXx = lX^ = 3.12. 



5 



Problem 2: If the hypotenuse of a triangle is 12 inches, and 
the altitude 3 times as long as the base, find the base (Fig. 239). 





Fig. 239 
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Solution: Construct a similar figure as indicated, making 
the side, which corresponds to the unknown side, 1. In the 

second figure A= Vs^-I- 12 = 3.162". Then, by similar figures, 



12 



A.— IX^" — 1X3^02 — O.iub . 




/.f^' 



Fig. 240 



Fig. 242 
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"^^je 



Fig. 241 




^Ml 



Fig. 243 




Fig. 244 





1. 
2. 
3. 
4. 
5. 
6. 



In Fig. 
In Fig. 
In Fie. 
In Fig. 
In Fig. 
In Fig. 



240, find the 

241, find the 

242, find the 

243, find the 

244, find the 

245, find the 



measurement 
measurement 
measurement 
measurement 
measurement 
measurement 



Fig. 246 

indicated by ?. 
indicated by ?. 
indicated by ?. 
indicated by ?. 
indicated by ?. 
indicated by ?. 
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Fig. 247 




• I 
I 



----.^•Jj- 



Fig. 248 




7. 

8. 

9. 
10. 
11. 



Fig. 219 




Fig. 260 



In Fig. 246, find the measurement indicated by ?. 
In Fig. 247, find the measurement indicated by ?. 
In Fig. 248, find the measurement indicated by ?. 
In Fig. 249, find the measurement indicated by ?. 
In Fig. 250, find the measurement indicated by ?^ 
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Fig. 261 




Fig. 262 



12. In Fig. 251, find the measurement indicated by ?. 

13. In Fig. 252, find the measurement indicated by ?. 



XXIV 
TAPERS 

176. Taper problems can be very readily solved by using 
the principles developed for similar figures. 

177. Example of a taper problem. — When the length, 
small diameter and outside diameter are given, to find the 
taper per foot: 

Problem: What is the taper per foot of the given plug, or 
what length does A equal in Fig. 253? 




— y-?' 



V 

1 



Fig. 263 



Solution: Triangles XYZ and XVW are similar. 
C = 1.450''-r = .450'. 

12 

2.3' must be multiplied by o to obtain 12'; therefore, C must 
be multiplied by o to obtain A. (See Article 174.) 

Thus, A=.450'Xij|=2.348'; therefore, the taper per foot of 
the given plug is 2.348*', 



178. Example of a taper problem. — When the taper per 
foot, length, and one diameter are given, to find the other 
diameter: 

122 
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Problem 1 : What diameter does A equal in Fig. 254? 




Fig. 264 



Solution: B = .625'X7i=.1302'. 

A=2.7'-.1302'=2.5698^ 



n 



Problem 2: What diameter 
does X equal in Fig. 255? 

Solution: 

B=A'X|i=.1976'. 
X=U'+.1976' = 1.4476'. 



p— *.«"— H 



At' 




Fig. 256 



179. A proportion rule for tapers is as follows: 

Rule: Multiply that which is of the same denomination as 
(he answer by the ratio of two like denominations. 




ADMMir^ ^. 



Z^KmmbkV 



Fig. 266 



In Fig. 256, A = BX^; B=AX^; C=Dx|; D=CX^' 
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180. Dimensions for standard tapers. 



Morse 


Number 
of taper 


Taper 
per foot 





.625'^ 


1 


.600" 


2 


.602' 


3 


.602' 


4 


.623' 


5 


.630' 


6 


.626' 


7 


.625' 



BaowN & Sharp 


Numberl 
of taper 


Taper 
per foot 


1 to 9 


.500" 


10 


.5161" 


11 to 18 


.500" 



Jarno 



.600" per foot 



Jarno Taper 




Fig. 267 

L = Number of taper-^2. 
D= Number of taper-T-8. 
O = Number of taper-^ 10, 
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Fig. 258 Fig. 269 

1. In Fig. 258, from the dimensions given find the taper per 
foot. 

2. In Fig. 259, if the taper per foot is .4375', find the dimension 
indicated by ?. 




Fig. 360 Fig. 361 

3. Id Fig. 260, from the dimenfiionB given find the value of 7. 

4. In Fig. 261, find the value of 7. 




Fig. 3SS 

5. In Fi%. 262, solve for lei^th 7. 

6. In Fig. 263, find the value of T. 




Fig. 264 Fig. 266 

7. In Fig. 264, how many revolutions must the screw make to 
raise A a distance of .009 inch? 

8. In Fig. 265, find the value indicated by 7. 




TRIGONOMETRY 
181. The sides of a right triangle are termed the hypot- 
enuse, the side opposite a given angle, and the side adjoiniDg 

a given angle (Fig, 266). 




Fi£. 266 



The hypotenuse is the line opposite the right angle in 
any right-angled triangle and it i's always longer than either 
side. 

The side opposite means the side that is opposite a given 
angle. 

The side adjoining means the side that adjoins a given 
angle. 

The term side, strictly speaking, is used in a right triangle 
to designate only the aide opposite and the side adjacent, 
the hypotenuse not being ordinarily designated as a side. 
In mathematical processes, however, the hypotenuse is 
treated as a "side." 

182, One multiplied by a number equals the number. 
Thus, 1X12 = 12. 

If the lengths of corresponding sides of two similar tri- 
angles are one and any other given number, it is only neces- 
sary to multiply the lengths of the other given sides of, the 
first triangle by the given number in the second triangle to 
obtain the corresponding sides of the second triangle. 
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.9J9S3 
>S/DS ADJ. 

B 

SIDE ADJ. 

Fig. 267 

Thus, in Fig. 267, since the right triangles given are similar 
figures, if the hypotenuse of one triangle is three times the length 
of the hypotenuse of the other, there must be a corresponding 
relationship between the %ide% of the two triangles. That is, the 
opposite side of the one will be three times the opposite side of the 
other and the adjoining side of the one will be three times the 
adjoining side of the other. With the lengths of the sides of the 
smaller triangle given we can find the lengths of the corresponding 
sides of the larger by using three as a multiplier. 

Therefore, A = 3 X .34202 = 1 .02606, and B = 3 X .93969 = 2.81907. 

183. If the sides of a given triangle are divided by a 

number equal to the number of units in one of its sides, and 

if the quotients are used to construct another triangle, the 

triangle formed will be similar to the original triangle. 

Thus, similar triangles to the triangle in Fig. 268 can be con- 
structed by reducing each side in turn to unity by dividing by the 
number of units in that side into each of the other sides to get the 
respective proportional lengths for the sides of the new similar 
triangle. The three similar triangles and the processes are shown 
in Figs. 268A, 268B, and 268C. 




Fig. 268 
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A 


/ 


r 


Fig. 268A 


Fig. 2686 


Fig. 268C 


10^10 = 1 


8-^8 = 1 


6^6 = 1 


A = 8-5-10 = .8 


C =10-5-8 = 1.25 


E = 10-J-6 = 1.666 


B=6-rl0=.6 


D= 6-^8=.75 


F= 8-5-6=1.333 



5. 
6. 



EXERCISE 34 




sssat 



Fig. 269 




3 
Fig. 269A 



1. From Figs. 269 and 269A, find the altitude A. 

2. From the same figures, find the length of the base B. 




\j2e7» 




Fig. 270 Fig. 270A 

3. From Figs. 270 and 270A, find the length of the hypotenuse A. 

4. From the same figures, find the altitude B. 





Fig. 271 Fig. 271A 

From Figs. 271 and 271 A, find the length of the hypotenuse A. 
From the same figures, find the length of the base B. 
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7. 
8. 




8.axas 
Fig. 272 Fi& 272A 

From Figs. 272 and 272A, find the altitude A. 
From the same figures, find the length of the base B. 





Fig. 273 Fig. 273A 

9. From Figs. 273 and 273A, find the length A. 
10. From the same figures, find the length B. 

^ e 






Fig. 274 Fig. 274A Fig. 274B 

In Figs. 274, 274A, and 274B: 

11. Which side is the hypotenuse? 

12. Which side is the side opposite the given angle? 

13. Which side is the side adjoining the given angle? 



SHOP MATHEMATICS 
Functions of Angles 

184. Tht trigonometric functions of 
an angle arc called the sine, cosine, 
tangent, cotangent, secant, and cose- 
cant. When the hyjiotenuse is 1, the 
length of the side opposite the angle is 
called the sine of the angle (Fig. 275). 

For example, .5000 = sine of 30° angle 
(see Trigonometric Tables). 




V tZJii^^' 185. When the hypotenuse ia 1, the 
\jr C0S/JVS length of the side adjoining tfie angle ia 



^ 



called the cosine of the angle (Fig. 276). 
For example, .86603 = cosine of 30' 
Fig.'276 angle (see Trigonometric Tables). 

186. When the side adjoining the 
angle is 1, the length of the side opposite 
the angle is called the tangent of the 
angle (Fig. 277). 

For example, .57735 =tangent of 30° 
angle (see Trigonometric Tables). 



Fig. 277 



Fig. 378 



187. When the side oi;posite the 
angle is 1, the length of the side ad- 
joining the angle is called the cotan- 
gent of the angle (Fig. 278). 

For example, 1.7320=cotangent of 
30° angle (see Trigonometric Tables). 



188. When the side adjoining the 
angle is 1, the length of the hypotenuse is 
called the secant of the angle (Fig. 279). 

For example, 1.1547 =8ecant of 30° 
angle (see Trigonometric Tables). 



Fig. 279 




TRIGONOMETRY 

189. When the side opposite the 
angle is 1 , the length of the hypotenuse 
is called the cosecant of the angle 
{Fig. 280). 

I'or example, 2.0000 = cosecant of 
30° angle (see Trigonometric Tables). 



Use of a TKiuuMOMETKic Table 




For angli 

Thus, 



i IcBs than 45° read table from the top down. 



sine 34° &4' = . 67214. 
Tangent 34° 1' = .67493. 

Note: For angles less than 15° pay , 
and right-hand columns. 



attention to the lower 



I 
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m 


1 








^^^ ^^^^ 


^^^ /^^^ 


W^. 


M 






.55919 


.82904 


.67451 


1.4826 


1.2062 


1.7S&3 


60 






.55943 


.82887 


.67493 


.4816 


.2064 


.7875 


59 








.55967 


.S2S71 


.67635 


.4807 


2067 


.7867 


58 








.55992 


.82855 


.67578 


.4798 


.2069 


.7860 


57 








.56016 


.82839 


.67620 


.4788 


.2072 


.7852 


56 








.56(M0 
.56064 J 


.82822 


.67663 
.67705 


1.4779 


1.2074 
.2076 


1.7844 
.7837 


55 
54^ 


, 


11.47701 






.57238 


.820151 
.81998 


.69801 


.4761 


^^ .7829'' 

'-:2iwrr^ 

1.2195 nT7l71 


5 








.57262 


.8 982 


.69847 


^4317 


.2198 


.7463 


4 








.57286 


Ls %M 


.69891 


.4308 


.2200 


.7456 


3 








.57310 


.8 948 


.69934 


.4299 


.2203 


.7449 


2 








.57334 


.81932 


.69977 


.4290 


,2205 


.7442 


1 








.57358 


.81915 


.70021 


1.4281 


1.2208 


1.7434 









Cosine 


Sine 


Cotan. 


aiL 


Cosec. 


Secant 


M 




55° Minutes /" 




Fig. 262 


For ai^es greater than 45° r&ad tabic from the bottom up. 


Thus, tangent 55° 54' = 1.4770. 


Sine 5.5°3' = ,81965. 


Note: For anglea greater than 45° pay no attention to the 


upper and left-haod columna. 


EXERCISE 36 


1. When the hypotenuse ia 1, what is the aide opposite the angle 


caUed? 


2. When the hypotenuse is 1, what is the side adjoining the 


angle called? 


3. When the side adjoining the angle is 1, what is the side 


opposite the angle called? 


4. When the side adjoining the angle is 1, what is the hypotenuse 


called? 


5. Whsn the side opposite the angle ia 1, what is the side ad- 


joining the angle called? 


6. When the side opposite the angle is 1 , what is the hypotenuse 


1 


caUed? 


^ d 


L^ 






^^M 




^^M 


^H 




^H 
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Use the Trigonometric Tables in the back of the book in solving 
the following problems. 



b^^^^^^^^ 

^^^2^ 


««> 


^^ 


J 

Fig. 283 


Fig. 284 



7. In Fig. 283, what is A called and what is the value of this 
function? 

8. In Fig. 283, what is B called and what is the value of this 
function? 

9. In Fig. 284, what is A called and what is the value of this 
function? 

10. In Fig. 284, what is B called and what is the value of this 
function? 




Fig. 285 




11. In Fig. 285, what is A called and what is the value of this 
function? 

12. In Fig. 285, what is B called and what is the value of this 
function? 

13. In Fig. 286, what is A called and what is the value of this 
function? 

14. In Fig. 286, what is B called and what is the value of this 
function? 
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16. In Fig. 287, what is A called and what is the value of this 
function? 

16. In Fig. 287, what is B called and what is the value of this 
function? 

17. In Fig. 288, what is A called and what is the value of this 
function? 

18. In Fig. 288, what is B called and what is the value of this 
function? 



Solution of Right Triangles When the Angle and 

One Side Are Given 

190. By the use of the values of the trigonometric func- 
tions, the solutions of problems involving right triangles 
are evolved. 

Example of the use of the sine : 

Problem 1 : In Fig. 289, what is the length of side marked X? 




Fig. 289 



.-r?C 

Fig. 289A 



^^. 



Solution: The hypotenuse (1.875) is given; therefore, con- 
struct a similar figure whose hypotenuse is 1 (Fig. 289A). When 
the hypotenuse is 1, the side opposite the angle can be found by 
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looking up the sine of the given angle in the table. . If the hypotenuse 
in the problem is 1.875 times as long as the other hypotenuse which 
is unity, the side opposite the angle must be 1.875 times the cor- 
responding side in Fig. 289A, which is the sine of 24°. 

Thus, A = sine 24° or .40674. 

Then, X= 1. 875 X A or 1.875 X sine 24° = 

1 .875 X .40674 = .76263^75 or using 5 deci- 
mal places only, ,76264, 



191. The cosine may be used in a similar manner in the 
solution of problems involving right triangles. 

Example of the use of the cosine: 

Problem 2: In Fig. 290, what is the length of side marked X? 




M ! 

A 

Fig. 290 Fig. 290A 



Solution: The hypotenuse (1.68) is given; therefore, construct 
a similar figure whose hypotenuse is 1. When the hypotenuse is 1, 
the side adjoining the angle can be found by looking up the cosine 
of the given angle in the table. If the hypotenuse in the problem 
is 1.68 times as long as the other hypotenuse which is unity, the 
side adjoining must be 1.68 times the corresponding side in Fig. 
290A, which is the cosine of 41°. 

Thus, ■ A = cosine 41° or .75471. 

Then, X = 1.68XA or 1.68Xcosine 41° = 

1.68X.75471 = 1.2679128 or, usmg 5 deci- 
mal places, 1.26791. 
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192. The tangents, cotangents, secants, and cosecants 

may be used in solving problems in a similar manner. 
Example of the use of the tangent: 

Problem 3: In Fig. 291, what is the length of the side marked 
X? 




Fig.l291A 

Solution : Construct Fig. 291 A as in the former problems. The 
triangles are similar; therefore, if the side adjoining the angle in 
Fig. 291 is 2.41 times the side adjoining the angle in Fig. 29IA, 
the side opposite also must be 2.41 times the side opposite in the 
other triangle, but this is the tangent of 15° 1'. 

Thus, A=tangent 15° 1' or .26826. 

Therefore, X= 2.41 X A or 2.41 X .26826 or .64650. 



X? 



193. Example of the use of the cotangent: 

Problem 4: In Fig. 292, what is the length of the side marked 




Fig. 292 



it 

A 

Fig. 292A 



Solution: Construct Fig. 292 A. The triangles are similar; 
therefore, if the side opposite the angle in Fig. 292 is 4.1 times as 
long as the side opposite the angle in Fig. 292A, the side adjoining 
also must be 4.1 times the side adjoining in the other triangle, but 
this is the cotangent of 17°. 

Thus, A = cotangent 17° or 3.2708. 

Therefore, X = 4.1 X A or 4.1 X3.2708 or 13.410. 
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194. Example of the use of the secant: 

Problem 5: In Fig. 293, what is the length of side marked X? 




i,soi 
Fig. 293 



A-— 

J^ 

Fig. 293A 



-n 



Solution: Construct Fig. 293A. The triangles are similar; 
therefore, if the side adjoining the angle in Fig. 293 is 1.501 times 
the side adjoining the angle in Fig. 293A, the hypotenuse also 
must be 1.501 times the hypotenuse in the other triangle, but this 
is the secant of 10° 57'. 

Thus, A = secant 10° 57' or 1.0185. 

Therefore, X = 1.501 X A or 1.501 X 1.0185 or 1.5287. 



196. Example of the use of the cosecant: 

Problem 6: In Fig. 294, what is the length of side marked X? 



A 




Fig.284A 



Fig. 291 



Solution: Construct Fig. 294A. The triangles are similar; 
therefore, if the side opposite the angle in Fig. 294 is 1.2 times as 
long as the side opposite the angle in Fig. 294A, the hypotenuse 
also must be 1.2 times the hypotenuse in the other triangle, but 
this is the cosecant of 60° 1'. 

Thus, A=cosecant 60° 1' or 1.1545. 

Therefore, X= 1.2XA or 1.2X1.1545 or 1.3854. 
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if.S' 



Fig. 296 

1. In the right triangle (Fig. 295), in which an angle and an 
adjacent side are given, find A. 

2. In the same figure, determine the length of the opposite side B. 

3. What is the length of C, which is the perpendicular distance 
from the vertex of the right angle to the hypotenuse? 




Fig. 296 




4. In the right triangle (Fig. 296), one angle and the altitude 
being given, determine the adjacent side A. 

5. In the same figure, find the length of the hypotenuse B. 

6. In the right triangle (Fig. 297), one angle and the hypotenuse 
being given, find the adjacent side A. 
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Solution op Right Triangles When Any Side Is One 

AND Another Side Is Given 

196. When the hypotenuse is one, the length of the side 
opposite is the sine of the angle, and the length of the side 
adjoining is the cosine of the angle. By referring to a 
trigonometric table the corresponding angles may be de- 
termined. 

• 

Thus, 





Fig. 298 

In Fig. 298, .43837= sine of 
angle X, and in the table, .43837 
= sine 26°. 

Therefore, angle X = 26°. 



.3J2S3 

Fig. 298A 

In Fig. 298A, .91283 = cosine of 
angle X, and in the table, .91283 
= cosine 24° 6'. 

Therefore, angle X = 24° 6'. 



197. When the side adjoining the angle is one, the length 
of the side opposite is the tangent of the angle, and the 
length of the hypotenuse is the secant of the angle. By 
referring to a trigonometric table the corresponding angles 
may be determined. 

Thus, 




Fig. 299 

In Fig. 299, .70629= tangent of angle X, and in the table, .70629 
tangent 35° 14'. 

Therefore, angle X=35° 14'. 
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In Fig. 299A, 1 .0326 = secant 
of angle X, and in the table, 
1.0326=secantof 14°26'. 

Therefore, angle X=14° 26'. 




198. When the side opposite the angle is one, the length 
of the side adjoining is the cotangent of the angle, and the 
length of the hypotenuse is the cosecant of the angle. By 
deferring to a trigonometric table the corresponding angles 
may be determined. 

Thus, 





Fig. 300 

In Fig. 300, 1.6014= co- 
tangent of angle X, and in 
the table, 1 .6014 = cotangent 
31° 59'. 

Therefore, angle X= 
31° 59'. 



Fig. 300A 

In Fig. 300A, 3.7937 = cosecant of 
angle X, and in the table, 3.7937 = 
cosecant 15° 17'. 

Therefore, angle X^IS'^ 17'. 



EXERCISE 37 




8M2e 

Fig. 301 




2.7f60 

Fig. 302 



1. In Fig. 301, find angle X, the opposite side being 1 and the 
hypotenuse 2.3428. 

2. In Fig. 302, find angle X, the adjacent side being 1 and the 
opposite side 2.7450. 
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S.4SU 





Fig. 303 



Fig. 304 



3. In Fig. 303) find angle X, the adjacent side being 1 and the 
hypotenuse 3.1379. 

4. In Fig. 304, find angle X, the opposite side being 1 and the 
adjacent side 2.4525. 





Fig. 306 



Fig. 306 



6. . In Fig. 305, find angle X, the adjacent side being 1 and the 
hypotenuse 1.1699. 

6. In Fig. 306, find angle X, the hypotenuse being 1 and the 
opposite side ,76754. 





Fig. 307 



J,0S9S 

Fig. 308 



7. In Fig. 307, find angle X, the hypotenuse being 1 and the 
adjacent side .52646. 

8. In Fig. 308, find angle X, the adjacent side being 1 and the 
opposite side 3.0595. 
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Solution op Right Triangles When Two Sides Are 

Given 

199. To determine the angle, when the hypotenuse and 
the opposite side are known: 

If the sides of a triangle be divided by the same number 
and these quotients used to construct another triangle, the 
triangles will be similar. 

Pboblem: In Fig. 309, find angle X. 




Fig. 309 



- -I 



•^ 



Fig. 309A 

Solution 1: The hypote- 
nuse (Fig. 309) must be divided 
by 2.1 to make it equal the 
hypotenuse in Fig. 309A. There- 
fore, the side opposite must be 
divided by 2.1 to make it equal 
the corresponding opposite side. 

Thus, 

A=. 52^2.1 = .24761. 
.24761 = sine of angle X. 

Therefore, angle X = 14° 20'. 



i 



Fig.309B 



Solution 2:. The side opH 
posite the angle (Fig. 309) must 
be divided by .52 to make it 
equal the side opposite the 
angle in Fig. 309B. Therefore, 
the hypotenuse must be divided 
by .52 to make it equal the 
hypotenuse of Fig. 309B. 

Thus, 

A = 2. 1-5- .52 = 4.0384. 
4.0384 = cosecant of angle X. 

Therefore, angle X = 14° 20'. 



In looking up an angle in the table use the angle that is closest to 
the number. 



TRIGONOMETRY 



143 



200. To determine the angle when the hypotenuse and 
the adjacent side are known: 

Pboblem: In Fig. 310, find angle X. 




^Lt ^i 



Fig. 310A 



^. ! 

/ 

Fig. 310B 



Solution 1: The hypote- 
nuse (Fig. 310) must be divided 
by 4.3 to make it equal the 
hypotenuse in Fig. 3 lOA. There- 
fore, the side adjoining must be 
divided by 4.3 to make it equal 
the corresponding adjoining 
side. 

Thus, 

A = 3.5-^4.3 = .813956. 
.813956= cosine of angle X. 

Therefore, angle X = 35° 31'. 



Solution 2: The side ad- 
joining the angle (Fig. 310) must 
be divided by 3.5 to make it 
equal the side adjoining the 
angle in Fig. 310B. Therefore, 
the hjrpotenuse must be divided 
by 3.5 to make it equal the 
hypotenuse of Fig. 310B. 

Thus, 

A = 4.3 -^ 3.5 =1.22857. 

1 .22857 = secant of angle X. 

Therefore, angle X = 35*" 31'. 
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201. To determine the angle when the side adjacent and 
the side opposite are known: 

Problem: In Fig. 311, find angle X. 



/ 



/ 




/ 



/ 



•s 



I 



Fig.SllA 



Solution 1: The side ad- 
joining the angle (Fig. 311) 
must be divided by .413 to make 
it equal the side adjoining in 
Fig. 311A. Therefore, the side 
opposite must be divided by 
.413 to make it equal the corre- 
sponding opposite side. 

Thus, 

A =.72 -7- .413 = 1.7433. 

1 .7433 = tangent of angle X. 

Therefore, angle X=60° 10'. 



A i 

A 
Fig. 311B 

Solution 2: The side op- 
posite the angle (Fig. 311) must 
be divided by .72 to make it 
equal the side opposite in Fig. 
31 IB. Therefore, the side ad- 
joining must be divided by .72 
to make it equal the correspond- 
ing adjoining side of Fig. 31 IB. 

Thus, 

A=.413-^.72 = .57361. 

.57361 = cotangent of angle X. 

Therefore, angle X=60° 10'. 



EXERCISE 38 




Z.170 




io.so0 



Fig. 312 Fig. 313 

1. In Fig. 312, determine angle A, two sides of the right triangle 
being given. 

2. In Fig. 313, determine angle A, the hypotenuse and the 
adjacent side being given. 
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Fig. 314 Fig. 316 

3. In Fig. 314, determine the length of A from the data given. 

4. In the same figure, find the distance indicated by B. 
6. In Fig. 315, determine the value of angle A. • 





9.r 

Fig. 316 Fig. 317 

6. In Fig. 316, find angle A. 

7. In the same figure, find length of side B. 

8. In Fig. 317, find the length indicated by ?. 





Fig.^318 Fig. 319 

9. In Fig. 318, find the diameter indicated by ?. 
10. In Fig. 319, find the length mdicated by ?. 




I 



Fig. 320 

11. In Fig. 320, find the angle indicated by ?. 

12. In Fig. 321, find the length indicated by A. 

13. In the same figure, detemime tiie length B. 




Fig. 323 

the length indicated by ?. 

equally spaced, find 



16. In Fig. 323, if the 6 holes in the disk 
the distance A. 
16. In the same figure, determine the distance B 



202. To determine the unknown side when two eidea are 
given; When two sides of a right triangle are given the 
unknown side can be determined by first finding one of the 
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To find the hypotenuse, when the two sides are given: 
Problem: In Fig. 324, find length of side marked X. 




Solution: 



Therefore, 



Tangent of A = ^~j = .72953. 

Angle A = 36° r. 

X=8.5Xsecant36°7'= 
8.5X1.2379=10.522. 



203. To find the other side, when the hypotenuse and 
one side are given: 

Pboblem : In Fig. 325, find length of side marked X. 




SoLUTio*: 



Therefore, 



Cosine of A=^=:.82660. 

4.21 

Angle A =34° 15'. 

X=3.48Xtangent34^ 15' = 
3.48X.68087= 2.3694, 
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1. In Fig. 326, determine the angle A. 

2. In the same figure, find the length of the hypotenuse. 

3. In Fig. 327, determine the angle A. 

4. In the same figure, find the length of the adjacent side X. 





Fig. 328 Fig. 329 

6. In Fig. 328, determine the angle A. 

6. In the same figure, find the length X. 

7. In Fig. 329, determine the angle A. 

8. In the same figure, find the length X. 

Perpendiculars of a Triangle 

204. The point where the sides of a triangle meet is 
called a vertex. 



206. An oblique triangl< 
angle. 
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206. The perpendiculars of a triangle are lines drawn 
from the vertices, perpendicular to the sides or extended 
sides opposite. 

Thus, in Figs. 330, 330A, and 330B, the perpendiculars are 
marked A. 




Fig. 330 




Fig. 330A 




These perpendiculars divide any triangle into right tri- 
angles and are extremely useful in solving problems in- 
volving oblique triai^gles. 

A good method for drawing the perpendiculars is shown in 
Figs. 331, 331A, and 331B. Place a ruler on one side of the 
triangle; then, take a square and draw the perpendicular 
from the vertex to the side the ruler is on, extending the 
side if necessary. 





Fig. 331 



Fig. 331A 



Fig. 331B 
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Draw the three perpendiculars of each of the following triangles. 
If necessary, extend the sides. 

Place an A on each perpendicular. 




Fig. 332 




Fig. 332C 




Fig. 332A 




Fig. 332D 




Fig. 332F 




Fig. 332B 




Fig. 332E 



Solution op Oblique Triangles When Three Sides 

Are Given 

207. In an oblique triangle, the distance between the 
midpoint of a side and the foot of the perpendicular to this 
side can always be determined by using the formula, 

(AXA)-(CXC) . 



Y = 



2XB 



, in which B = the side being considered, 



A = the longer of! the two remaining sides, and C = the 
other side. (See Article 149 for the development of this 
formula.) 
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208. This formula is extremely useful in determining the 
angles when three sides of an oblique triangle are given. 

To find the angles of a triangle, when three sides are given, 
and when the perpendicular from the vertex falls within the 
base of the triangle: 

Problem 1 : In Fig. 333, find angles X and Z. 





Fig. 333A 




Fig. 333B 



Solution: In Fig. 333A, if A=10, B = ll, and C = 6; 

(IPX 10) -(6X6) 100^36 64 32 
*^"^^ ^= 2^ai 22— 22-ri-2"-^'^^' 

Likewise in Fig. 333B, Y^ ^^^^lf^"/^^^^ = 2.9091, 

zX 11 

E=-V-=5.5, 

F=E-Y=5.5-2.9091 =2.5909. 

Cosine of X = ^ = .43181 . Angle X = 64** 25'. 

H=E'+Y=5.5+2.9091 =8.4091. 

Cosine of Z = ^= .84091. Angle Z = 32** 46'. 
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209. To find the angles of a triangle, when three sides 
are given and when the perpendicular from the vertex falls 
without the base of the triangle: 

Problem 2: In Fig. 334, find angles Z and X. 




Fig. 384B 
Solution: In Fig. 334A, if A=8, B=5, and C=6; then, Y 

(8X8) -(6X6) 64-36 28 14^4^^ 
2X5 10 10 5 ^ 

T-u • • IT- QQ.ITI V (8X8) -(6X6) .^ 
Likewise in Fig. 334B, Y= -— =2.8, 

E = | = 2.5, 

F=Y-E = 2.8-2.5 = .3. 

Cosine of X = | = .050. Angle G = 87° 8'. 

Angle X=180°-87° 8' =92° 52'. 

H = Y+E' = 2.8+2.5 = 5.3. 

Cosine of angle Z = ^- = .6625. Angle Z = 48° 31'. 
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210. Additional illustration of this method of solution: 
Problem 3: Find angles X and Z 






Solution: In Fig. 335A, if A=9, B=8, and C=7; 

Likewise in Fig. 335B, ¥=-^^^^^^^^^ = 2.000, 

E = |=4.000, 

F=E-Y = 4.00-2.00 = 2.00. 

Cosine of X = |= .28571. Angle X = 73^ 24'. 

H = E'+ Y = 4.00+2.00 = 6.00. 



6.00 



Cosine of Z = ^^ = .66667. Angle Z = 48° 11'. 
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Fig. 336 Fig. 337 

1. In Fig. 336, find X, which measures the distance from the 
vertex of the acute angle to the foot of the perpendicular. 

2. In Fig. 337, find X, which is the extended base to the foot of 
the perpendicular. 





Fig. 338 Fig. 339 

3. In Fig. 338, find the value of the angle X. 

4. In Fig. 339, find the value of the angle X. 




^*-^^H 




Fig. 340 



Fig. 341 



6. In Fig. 340, find the value of the angle X. 

6. In Fig. 341, find the distance X, which measures from the 
midpoint of the base to the foot of the perpendicular. 
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Fig. 843 

7. In Fig. 342, find the distance X from the vertex to the foot 
of the perpendicular. 

8. In Fig. 343, find the distance X from the midpoint of the 
base to the foot of the perpendicular. 





Fig. 344 Fig. 346 

9. In Fig. 344, find the distance X from the vertex of the acute 
angle of the base to the foot of the perpendicular. 

10. In the oblique triangle (Fig. 345), three sides being given, 
find angle X. 




Fig. 346 



11. In the oblique triangle (Fig. 346), find the angle X opposite 
the longest side, the lengths of the three sides being given. 
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Solution op Oblique Triangles When Two Sides and 

One Angle Are Given 

211. When solving oblique triangles, first draw the three 
perpendiculars; then, place an A on those that can be figured 
in one operation. The perpendiculars that assist most are 
the ones to be used in finding the unknown sides or angles. 

To solve an oblique triangle, when the unknown side is 
adjacent to both of the unknown angles: 

Pboblbm 1 : In Fig. 347, find angles B and C and side X. 





Fig. 348 

Solution 1: 
In Fig. 348, A=8Xsine 30^ = 8 X. 50000 =4.0000. 
D = 8 X cosine 30^ = 8 X .86603 = 6.92824. 
E = 10-D = 10-6.92824 = 3.07176. 

Cotangent of angle B = | = |^=. 76799. 
Angle 3 = 52° 29'. 

X = AX cosecant 52° 29' =4X1.2607 =5.0428. 
C-=180°-(52° 29'+30°)=97° 31'. 
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^ 


yy 




s>>^ 




• A. 



Fig. 349 

Solution 2: In Fig. 349, A = 10 X sine 30°= 10 X. 50000 =5.0000. 
D = 10Xcosine 30°= 10 X. 86603 = 8. 6603. 
E=D-8=8.6603-8.0000=.6603. 
Cotangent of angle 0=|= g^ =.13206. 
Angle 0=82° 29'. 
C = 180°-82° 29' =97° 31'. 
X=AXcosecant 82° 29' = 5X1.0087 = 5.0435. 
B=180°-(30°+97° 31') = 52° 29'. 



212. To solve an oblique triangle, when the unknown 
side is adjacent to the given angle, and when the perpen- 
dicular to this side falls without the side; that is, on the 
side extended: 

Pboblbm 2 : In Fig. 350, find angles B and C and side marked X. 




JO 

Fig. 350 




JOr 

Fig. 360A 



Solution : In Fig. 350A, A = 10 X sine 30° = 10 X .50000 = 5.0000. 

D = 10 X cosine 30°= 10 X. 86603 = 8.6603. 
Sine of angle = ^ = ^ = .83333. 
Angle 0=56° 27'. 
C = 180°-56° 27' = 123° 33'. 
E = 6 X cosine 56° 27' = 6 X .55266 =3.3160. 
X = D-E = 8.6603 -3.3160 = 5.2443. 
Angle B = 180°- (30°+ 123° 33'} = 26° 27'. 
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213. To solve an oblique triangle, when the unknown 
side is adjacent to the given angle, and when the perpen- 
dicular to this side falls within this side: 

Problem 3 : In Fig. 351 , find angles B and C and side marked X. 





Solution: 



In Fig. 351A, A=8Xsine 59° = 8 X. 85717 = 6.85736. 
D = 8Xcosine 59°=8X.51504=4.12032. 
Sine of angle C=i^ = *^^^® 

)0 



= .685763. 



10 10 

Angle CX43° 18'. 
E = 10Xcosme 43° 18' = 10 X. 72777 = 7.2777. 
X=E+D = 7.2777+4.1203 = 11.3980. 
Angle B = 180°-(59°+43° 18') = 77° 42'. 
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Fig. 862 

1. In Fig. 352, find the length of X. 

2. In Fig. 353, find the length of X. 



Fig. 863 



i 
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3. In Fig. 354, find the length of X. 

4. In Fig. 355, find the length of X. 



Fig. 855 




Fig. 366 

6. In Fig. 356, find the angle X. 
6. In Fig. 357, find the length of X. 





Fig. 358 

7. In Fig. 358, find the length of X. 

8. In Fig. 359; find the anfi^ X. 
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9. 
10. 



Fig. 860 

In Fig. 360, find the length of X. 
In Fig. 361, find the angle X. 



Fig. 861 




Fig. 862 
11. In Fig. 362, find the angle X. 

Solution of Oblique Triangles When Two Angles and 

One Side Are Given 

214. To find the other two sides, when the given side is 
ardjacent to the two given angles, and the other angle is 
greater than 90®: 

Problem 1: In. Fig. 363, find sides B and C and angle X. 
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Solution 1 : In Fig. 364, X = 180° - (35°+42°) = 103^ 

A=10Xsme 42° = lOX. 66913 = 6.6913. 

Angle Z = 180°-X=180°-103°=77°. 

B = AX cosecant 77° = 6.6913 X 1.0263 = 6.8673. 

H=10Xcosine 42°= 10X74314=7.4314. 

P = A X cotangent 77° = 6.6913 X .23087 = 1 .5448, 

C=:H-P=7.4314-1.5448=5^866. 




Solution 2 : In Fig. 365, X = 180° - (35°+42°) = 103°. 

A = 10 X sine 35° = 10 X.57358 = 5.7358. 
Angle Z = 180°-X=180°-103°=77°. 
C=AXcosecant 77° =5.7358X1. 0263 = 5.8866. 
H=10Xcosine 35^ = 10X.81915 = 8.1915. 
P = A X cotangent 77° = 5.7358 X .23087 = 1 .3242. 
B=H-P= 8.1915-1.3242=6.8673. 
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216. To find the other two sides, when the given side is 
adjacent to the two given angles, and the other angle is 
less than 90"*; 

Problem 2: In Fig. 366, find sides B and C and angle X. 





Fig. 367 



Solution 1: In Fig. 367, X= 180°- (55°+50°) =75^ 

A=9.2Xsine50° = 9.2X.76604 = 7.0476. 

B = AXcosecant 75° = 7.0476X 1.0353 = 7.2964. 

H = 9.2 X cosine 50° = 9.2 X. 64279 = 5.9137. 

P = AXcotangent75° = 7.0476X.26795=1.8884. 

C=H+P=5.9137+1.8884=7.8021. 
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SoLijTiON 2 : In Fig. 368, X = 180° - (55°+ 50°) = 75°. 

A=9.2Xsine 55° = 9.2 X. 81915 = 7.5362. 

C = AX cosecant 75° = 7.5362 X 1.0353 = 7.8022. 

H = 9.2 X cosine 55° = 9.2 X .57358 = 5.2769. 

P = AX cotangent 75° = 7.5362 X .26795 = 2.0193. 

B = H+ P = 5.2769+2.0193 = 7.2962. 

216. To find the other two sides, when they include one 
of the given angles: 

Problem 3: In Fig. 369, find sides B and C and angle X. 





Fig. 370 



Solution 1: In Fig. 370, X= 180°-(42°+58*^ =80^ 

A=8Xsine 58° = 8 X. 84805 =6.7844. 
B = A X cosecant 42° = 6.7844 X 1 .4945 = 10. 1 393. 
H=8Xcosine 58° = 8 X. 52992 =4.23936. 
P=AXcotangent 42° =6.7844X1.1106 =7.5348. 
C=H+P= 4.2394+ 7.5348 =11.7742. 
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Solution 2: In Fig. 371, X= 180°- (42^+58°) =80^ 
A=8Xsine 80"* = 8 X. 98481 =7.8785. 
C=AXcosecaiit 42^=7.8785X1.4946= 11.7744. 
H=8Xcosine 80"* = 8 X. 17365 =1.3892. 
P=AXcotangent42°=7.8785Xl.ll06=8.7498. 
B=H+P= 1.3892+8.7498 = 10.139. 



EXERCISE 43 

In the following figures, find the length indicated by X. 
1. Z 




2.4 2e 

Fig. 372 




Fig. 373 



3. 




Fig. 374 




Fig. 375 
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6. 




6. 




7.21 

Fig. 376 



Fig. 877 



7. 



a 




21.72 
Fig. 378 




Fig. 379 



To Find the Altitude of a Triangle 
217. To find the altitude of an oblique triangle when two 
angles and the base are given and the altitude line falls 
within the base: 

Construct a similar triangle whose altitude is one and use 
the following process: 

Problem 1; In Fig. 380, find X. 




1^ 

Fig. 380 Fig. 380A 

Solution: In Fig. 380A, A = cotangent 46°+ cotangent 52®= 
.96569+.78129 = 1.74698. 

If the base of the one triangle is ij^^^ tknes as long as the base 
of the other triangle, the altitude of the one triangle must be n^lss 
times the altitude of the other. 

Therefore, X = 1 X j:^ = 6.8690. 
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218. To find the altitude of an oblique triangle when two 
angles and the base are given and the altitude line falls 
mthout the base: 

Construct a similar triangle whose altitude is one and use 
the following process: 

Problem 2: In Fig. 381, find X. 




e.s 



Fig. 881 



Fig. 381A 



Solution: In Fig. 381A, A=cotangent 39°— cotangent 58® 2' = 
1.2349 -.62406 = .61084. 

If the base of the one is ^gxjjgj times as long as the base of the 
other triangle, the altitude of the one must be ^g^ times the alti- 
tude of the other. 

Therefore, X=1X-6t^= 10.641. 
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Fig. 382 

1. In Fig. 382, find the altitude X. 

2. In Fig. 383, find the altitude X. 



^.zp 



Fig. 383 
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Fig. 384 
3. In Fig. 384, find the altitude X. 





Fig. 385 Fig. 386 

4. In Fig. 385, find the diameter of the inscribed circle. 
6. In Fig. 386, find the diameter of the inscribed circle. 



Practical Problems 



EXERCISE 45 




si 



Fig. 387 



1. In Fig. 387, solve for ?. 
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Method of Cheddng Acme 
and Worm Threads 

Fig. 388 



2. In Fig. 388, solve for ?. 

3. In Fig. 389, solve for ?. 




Method of Cheddng U. S. 
Form Threads 

Fig. 389 




Fig. 390 




Method of Checking Dove Tails 
Fig. 391 



4. 
5. 
6. 
7. 



In Fig. 390, find value of A. 
In Fig. 390, find value of B. 
In Fig. 391, what does A equal? 
In Fig. 391, what does B equal? 
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Fig«892 



a. In Fig. 392, find angle ?. 




Fig. 393 



Fig. 394 



9. In Fig. 393, find angle A. 

10. In Fig. 393, find angle B. 

11. In forming punch shown in Fig. 394, find angle ?. 



2^250" TAP ^pgRFlOM' 





Fig. 395 

12. In Fig. 395, find length ?. 
18. In Fig. 396, find length ?. 



Fig. 896 
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Method of Checking Gear Teeth 

Fig. 897 

14. In Fig. 397, if the gear has 16 teeth and a diametral pitch 
of 4, find A. 

16. In the same figure, find B. 




Fig. 398 

16. In Fig. 398, find length A. 

17. In the same figure, find length B. 

18. In the same figure, find length C. 
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Fig. 399 

In Kg, 399, find length A. 

In the same figure, find length B. 

In the same figure, find length C 




Fig. 400 

Applicition of Trl(tiiK>DUb7 in Ball R 

Fig. 400A 

22. In Fig 400A, find length A. 

23. In the same figure, find angle B. 

24. In the same figure, find angle C. 
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Note: Do not use the trigonometric table in solving the fol- 
lowing problems. 




Fig. 401 

1. In Fig. 401, find the dimension indicated by A. 

2. In the same figure, find B. 




Fig. 402 



3. In Fig. 402, find the dimension indicated by ?. 
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Fig. 403 



Fig. 404 



4. In Fig. 403, find the dimension indicated by ?. 
6. In Fig. 404, find the dimension indicated by ?. 
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Fig. 405 

1. In Fig. 405, what does A equal? 

2. In Fig. 405, what does B equal? 

3. In Fig. 406, what does A equal? 

4. In Fig. 406, what does B equal? 



Fig. 406 
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Fig. 407 

6. In Fig. 407, what does A equal? 
6. In Fig. 407, what does B equal? 




Fig. 408 



7. In Fig. 408, if the taper per foot is 4.500", what does A equal? 

8. In the same figure, what does B equal? 
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Fig. 409 

1. In Fig. 409, find the dimension A. 

2. In the same figure, find the dimension B. 




3. 



Fig. 410 
In Fig. 410, find the angle indicated by ?. 
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4. In Fig. 411, find the length A. 




Fig. 412 

6. In Fig. 412, find the length of the radius indicated by ?. 
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Fig. 413 

6. Id Fig. 413, find fbs diameter indicated by ?. 




Fig. 414 

7. In Rg. 414, find R. 

8. In F^. 414, find angle indicated by ?. 
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Checking Holes Bored at an Angle 

EXERCISE 49 




Fig. 416 
1. In Fig. 415, find the dimension indicated by ?. 




.SOO^PLC/G. 



Fig. 416 
2. In Fig. 416, find the dimension indicated by ?. 
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XXVI 

SPUR GEAR AND RACK 

219. The standard 14^° involute gear has a 14^^ pres- 
sure angle. 

The rack teeth have straight sides 14^° from the vertical 
line. 

Diametral pitch (D. P.) is the number of teeth to each inch 
of the pitch diameter, or the niunber of teeth in 3.1416 inches 
measured along the pitch line. Diametral pitch is some- 
times simply referred to as the pitch. 

Circular pitch (C. P.) is the distance from the edge of one 
tooth to the corresponding edge of the next tooth measured 
along the pitch line. 



C.P. 



D.P. 




Fig. 417 
179 
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N= number of teeth in gear. 

N 
P = pitch diameter = 



0= outside diameter = 



D.P. 

N+2 



D.P. 



F= thickness of tooth measured along the pitch line=§(C.P.). 
A = addendum = (.3183) (C.P) or =r^. 

.157 



K= clearance =(.05) (C.P.) or 
D=dedendum= (.3683) (C.P) or ^^- 
Y= working depth =(.6366) (C.P.) or 



X= whole depth =(.6866) (C.P.) or 



D.P. 
2.157 

D.P/ 



Checking Gear and Rack with Geab Tooth Vernier 

Calipers 

* 

220. Dimensions for gear tooth vernier calipers for 
checking on the pitch line when the pressure angle is 14^''. 



N 


R 


U 


N 


R 


U 


8 


1.5607 


1.0769 


17 


1.5686 


1.0362 


9 


1.5628 


1.0684 


21 


1 . 5694 


1.0294 


10 


1.5643 


1.0616 


26 


1.5698 


1.0237 


11 


1.5654 


1.0559 


35 


1.5702 


1.0176 


12 


1.5663 


1.0514 


55 


1 . 5706 


1.0112 


14 


1 . 5675 


1.0440 


135 


1.5707 


1.0047 



In Fig. 417, C=iP (cosine ^). 

S = chordal thickness = P ( sine -r;r ) or =rr=- 

\ N / D.P. 



H= depth to set calipers =( JO— C) or 



U 



D.P. 
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Checking Gear and Rack with Plugs 

221. Dimensions for checking gear teeth with plugs 
tangent at the pitch line with any pressure angle i external 
and internal. 




Fig. 418 




Fig. 419 



fls= pressure angle. 
S=chordal thickness. 



C=|P (< 



. 90°\ 

nr \ cosine -r;- I • 

\ N/ 

Z= diameter of plug to be used. 
T= dimension from outside of plug to center of gear. 

External gears, any pressure angle. 
Z = S [secant (^+ ^)]- 
T=C+f+f [tangent {o+f}} 
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Internal gears, any pressure angle. 

Z^sTsecant^^-^)!. 

■ T.C+|-|[.^.(»-f )]. 

222. Dimensions for checking rack teeth with a plug 
tangent at the pitch line when the pressure angle is 14|^ 




Fig. 420 
^ 1.6225 ,^ .0143 

Cutters for Gear Teeth 
223. Table of cutters for gear teeth when the pressure 
angle is 14J°. 



Number 


Number 


Number 


Number 


OF Cutter 


OF Teeth 


OF Cutter 


OF Teeth 


1 


135 to rack 


5 


21 to 22 


n 


80 " 134 


5i 


19 " 20 


2 


55 " 79 


6 


17 " 18 


2i 


42 " 54 


6^ 


15 " 16 


3 


35 " 41 


7 


14 


3i 


30 " 34 


7i 


13 


4 


26 " 29 


8 


12 


4| 


23 " 25 







224. Checking spur gears with plugs for 14^'' and 20^ 
pressure angles. External and internal gears. — In thi^ sys- 
tem the plugs are not tangent at the pitch line. It is a 
very simple and practical means of checking, and the system 
is theoretically perfect. The pitch diameter passes through 
the center of the plug being used. 
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-fW)-- 



Fig. 421 



] 1 

14|° Pressure Angle 


Diametral 
pitch 


Diameter 
of plug 


A 


1 


1 . 5207 


.7603 


2 


.7603 


.3802 


3 


.5069 


.2534 


4 


.3802 


.1901 


5 


.3041 


.1520 


6 


.2534 


.1267 


7 


.2172 


.1086 


8 


.1901 


.0950 


9 


.1689 


.0845 


10 


.1521 


.0760 


12 


.1267 


.0633 


14 


.1086 


.0543 


16 


.0950 


.0475 

1 




20° Pressure Angle 


Diametral 
pitch ' 


Diameter 
of plug 


A 


1 


1.4760 


.7380 


2 


.7380 


.3690 


3 


.4920 


.2460 


4 


.3690 


.1845 


5 


.2952 


.1476 


6 


.2460 


.1230 


7 


.2109 


.1054 


8 


.1845 


.0923 


9 


.1640 


.0820 


10 


.1476 


.0738 


12 


.1222 


.0611 


14 


.1054 


.0527 


16 


.0922 


.0461 



Diameter of plug for a 14^ pressure angle = 



1.5207 
D.P. ' 



A= 



.7603 



Diameter of plug for a 20° pressure angle = ^ ^ - A= 



D.P. 
.7380 



D.P. " D.P.' 
To check an even number of teeth: 

Example: If two plugs are used in checking a 20-tooth, 10 D.P. 
gear, the dimension over the plugs will be the pitch diameter plus 
2A. Thus, the dimension over the plugs = 2+.1520- 2.1520*' 
for a 14|° pressure angle, and 2+. 1476 =2. 1476*' for a 20° pressure 
angle. 

If the gear were an internal gear the dimension over the 

plugs would be the same as in the above example. 



r 
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To check an uneven number of teeth: 

Example: If one plug is used in checking a 19-tooth, !0 D.P. 
gear the dimension over the plug to a point opposite on the outside 
diameter of the gear will be the pitch diameter plus the addendum 
plus A. Thus, the dimension over the plug to a point opposite on the 
outside diameter=1.9+.l + . 0760 = 2.076' for a 14^" pressure angle. 

226. Checking spur gears with a square gauge for 14^° 
and 20° pressure angles. External and internal gears. — -In 

this system the dimensions are not at the pitch line. It is a 
very simple and practical means of checking, and the 
ia tbeoreticaUy perfect. 





14^° Pressure Angle 




20° Pressure Angle || 


Diametral 
pitch 


A 


B 


Diametral 
pitch 


A 


c 


1 


1 


4723 


.8096 


1 


1.3870 


-2524 


2 




7361 


,4048 


2 


.6935 


.1262 


3 




4908 


.2699 


3 


.4623 


,0841 


4 




3681 


.2024 


4 


.3468 


.0631 


5 




2945 


.1619 


5 


.2774 


.0505 


6 




2454 


.1349 


6 


.2312 


.0421 


7 




2103 


.1157 


7 


. 19,81 


0361 


8 




1840 


.1012 


8 


.1734 


,0316 


9 




1636 


.0900 


9 


1541 


,0280 


10 




1472 


.0810 


10 


.1387 


.0232 


12 




1227 


0675 


12 


.1156 


.0210 


14 




1052 


0578 


14 


.0990 


.0181 


16 


_ 


0920 


0506 


16 


.0867 


.0158 
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IT i>iio 1 A 1-^723 ,_j .8096 

For a 14f pressure angle, A = ^ ^ and B = 



For a 20 pressure angle, A= 



D.P. 
L3870 

D.P. 



andC = 



D.P. 
.2524 



D.P. 



When a 20° pressure angle is used the gears usually have a 
shorter addendiun and dedendum than the 14|° pressure angle 
gears; therefore, B equals the addendiun minus C. 

EXERCISE 50 

1. What is the outside diameter of a 22-tooth, 8-diametral pitch 
gear? 

2. What dimension does the addendum in this gear equal? 

3. What is the pitch diameter of a 20-tooth, 7-diametral pitch 
gear? 

4. What number cutter should be used to cut this gear? 

5. What is the whole depth of the tooth space in this gear? 





Fig. 426 

Use Fig. 425: 

6. Find center distance indicated by ?, 

7. Find clearance indicated by ?, 



Fig. 426 
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In Fig. 426, where the pressure angle is 14^° and the number of 
teeth in the gear is 21 : 

8. Find the diametral pitch. 

9. Find the chordal thickness A. 

10. Find the depth to set calipers, indicated by B. 

11. What will be the diameter of a plug Z that will be tangent 
at the pitch hne? 

12. What will the distance T from the outside of this plug to the 
center of the gear be? 




Fig. 427 



13. In Fig. 427, find A. 

14, In Fig. 427, find B. 




Fig. 428 

15. In Fig. 428, find A. 

16. How should the vernier calipers be set so that any 8-diam- 
etral pitch gear could be checked without resetting the calipers? 



xxvn 

BEVEL GEAES 
226. Illustration of bevel gears witli shafts at right a 
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D.P. = diametral pitch. 
C.P. = circular pitch. 
N = niunber of teeth in gear. 
n = number of teeth in pinion. 

T^.X.A' , f ^ N(C.P.) 

Pitch diameter of gear = :;r-— or -t-tttt"* 

D.P. 3.1416 

Ktch diameter of pinion=^ or $^. 

D.r. 0.141D 

(The pitch diameters of bevel gears are the same as those of spur 
gears.) 

A = addendum =zr— or .3183(C.P.). 

.157 
C = clearance = ipp'or .05(C.P.) . 

1 1^7 
A+C=dedendum = ^j;-^ or .3683(C.P.). 

X>/ sX • 

2.157 
W= whole depth of tooth space = t^ p or .6866(C.P.). 

N 
Tangent of pitch angle of gear= — 

Tangent of pitch angle of pinion= — • 

K= angular addendum = A(cosine of pitch angle). 
Outside diameter = pitch diameter +2K. 

(pitch diameter) (cosecant of pitch angle) 



Pitch cone radius = 

Cotangent of addendum angle = 

Cotangent of dedendum angle = 



2 
pitch cone radius 

A 

pitch cone radius 



A+C 
Face angle = pitch angle + addendum angle. 

Root angle = pitch angle— dedendum angle. 

Checking Bevel Gear Teeth with Gear Tooth 

Vernier Calipers 
227. Dimensions for checking bevel gear teeth. — These 
dimensions are the same as those required for spur gears 
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(see Article 225). In this system the dimensions are not at 
the pitch line. 




For 144° pressure angle, X= '^'p" and Y 
For 20° pressure angle, X= ^ ^ and C^ 



D.P. D.P. 

1.3870 , _ .2524 
^^andC=^;p-. 



When a 20° pressure angle is used, the gears usually have a 
shorter addendum than the 14j° pressure angle; therefore, Y 
equals the addendum minus C. 

EXERCISE 61 




In Fig. 432, where the diametral pitch is 6 and the number of 
teeth in the miter gears is 15: 
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EXERCISE 62 




Vig. 436 
Use I^. 435: 

1. Find intcli cone angle X of gear. 

2. Find face angle B of pinion. 

3. Find outside diameter O of gear. 

4. Find outside diameter L of pinion. 



XXVIII 
WORM GEARING 
A worm sear consista of a worm and a worm wheel. 
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Worm Wheel 
229. In the worm wheel: 

P= linear pitch = distance from tooth to tooth measured along 
the pitch line. 

N= number of teeth in the worm wheel. 

PyN 
Pitch diameter =PXN (.31831) or ;r7Tr»- 

3.1410 

Throat diameter = pitch diameter— .6366P. 



Worm 

230. In the worm: 

P=hnear pitch = the distance from tooth to tooth. 

G = whole depth of worm tooth = .6866P. 
W= working depth of worm tooth = .6366P. 

C = clearance = .050P. 

A = addendum = .3183P. 

t= width of thread tool at point = .31 P. 

S = .335P. 

Pitch diameter = outside diameter — W. 
Bottom diameter = outside diameter— 2G. 



231. Center distance is the perpendicular distance 
between the axes of the worm wheel and worm. It is 
expressed by the formula: 

^ ^ ,. ^ pitch dia. of worm wheel+pitch dia. of worm 
Center distance = • 



232. The relation of the helix of the worm. 

^= helix angle. 

. Cotangent 6 , 3.1416 (pitch diameter) 

lead 



WORM GEARING 1 

Checkino Wokm Wheel Teeth with Gear Tooth* 
Veknier Calipers 

233. Pimeosions tot checkmg worm wheel teeth. 




Fig. 4S8 

E= (pitch diameter) (sine-^l (cosine of helix angle). 

H = ^ {throat diameter) — (pitch diameter) (co«ne -rz-j \- 

Checking Worm Threads with Gear Tooth Vernier 
Calipers or Plug. 
234. Dhuensions for checking worm threads. 



When a 




Fig. 440 

ircaUperiaused: 
A = .3183Pand 
D = (co8inefl){.5P). 
When a plug is used for checking worm threads: 

X=.5149P (cosine fl). (See X in Fig. 436.) 
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EXERCISE 63 




Hg. Ml 



Use Fig. 441: 

1. Find A. 4. Find D. 

2. Find B. 5. Find E. 

3. KndC. e. FindF. 



WORM GEARING 




BOVBLE ■piRSAB WOKM 



Use Fig. 442: 

7. Find pitch. 8. Find lead. 9. Find A. 



XXIX 
DIVIDING HEAD INDEXING 
Simple Indexing 
235. The dividing head is chiefly used on a milling machine 
to divide work into different parts, such as drills, reamers, 
gears, etc. 

The principal parts of a dividing head are the index plate, 
spindle, worm, £.nd worm wheel. The worm wheel generally 
has 40 teeth and a single thread worm is used; therefore, the 
ratio is 40 to 1. 

1 revolution of the spindle will take place while the crank A 
makes 40 revolutions. 

10 revolutions of the spindle will take place while the crank A 
makes 10X40 or 400 revolutions. 

y of a revolution of the spindle will take place while the crank A 
makes ^ of 40 or 5f revolution. 

I of a revolution of the spindle will take place while the crank A 
makes | of 40 or 33§ revolutions. 




\ iOTOl RATIO 



Fig. 443 

Fig. 443 shows the working parts of a dividing head, while 
Fig. 445 shows how the dividing head actually appears. 

Assume that a hexagon is to be milled on a piece of metal. Then 

while the work rotates from one side to the next the spindle makes 

i of a revolution. To do this the crank A must make \ of 40 or 

198 
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6f revolutions. Index plates furnished with the dividing head 
take care of fractional parts of a revolution. Thus, f of a revolu- 
tion equals ^7. The denominator of the fraction expresses the 
number of holes in the circle to be used and the numerator the 
number of holes the crank is to be moved in that circle. 

After revolving the crank 6 complete revolutions, the f of a revo- 
lution is taken care of by moving the crank 18 holes in the 27 circle. 

Angular Indexing 

236. One revolution of the crank revolves the spindle -^j^ 
of a revolution, or 9°; then, ^ of a revolution will revolve 
the spindle 1°. 

Problem: What are the requirements for indexing 17^®? 

Solution: If ^ of a revolution of the crank revolves the spindle 
1^, to revolve it lH° wiH require 17|Xi ^^ 1|| revolutions. The 
fractional part of a revolution is taken care of by revolving the 
crank 17 holes in the 18 circle. 

Differential Indexing 




Fig. 444 

Fig. 444 shows the working parts of a dividing head when 
used for differential indexing, while Fig. 446 shows how 
the dividing head actually appears. 
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237. With the plates that are furnished with a dividing 
head only a limited number of divisions can be obtained, 
and in many cases it is necessary to use differential indexing. 
That is, gears are used to revolve the index plate a small 
amount in either direction, while the crank is being revolved 
a number of holes in a certain circle. The amount the 
gears revolve the plate and the amount the crank is revolved 
on the plate equal the total movement of the crank. 

For example, if the crank revolves 3 holes in the 15 circle, while 
the plate revolves ^V of a revolution in the same direction, the total 
movement of the crank will be TS'^zt or i^ of a revolution. 

238. While the crank revolves |^ of a revolution, the 
spindle will revolve iiX^ir or ^Htt of a revolution. With 
suitable gears it is possible to revolve the plate, or gear E, 
^ of a revolution, while the spindle or gear D revolves -^^jf 
of a revolution. The number of teeth in the gears is ob- 
tained by inverting the numbers of revolutions of the gears. 
(See Article 71.) 

Thus, if E makes -^^^ of a revolution while D makes ^uiif of a 
revolution, E must have y^if of a tooth and D must have -^^ of a 
tooth. By multiplying these numbers by 2000 to clear of fractions, 
E = YiiTrX2000 or 11 teeth and D=-jVX 2000 or 40 teeth. 

When these gears are used the spindle will make ^^^ of a 
revolution while the crank is revolved 3 holes in the 15 circle. 

239. A simple method to obtain the gears D and E for 
differential indexing is as follows: 

Assume that it is necessary to cut a gear with 151 teeth. After 
cutting the first tooth, the gear must be revolved y-jy part of a 
revolution. To do this the crank must make TTTrX40 or yVy of a 
revolution. In simple indexing, 40 holes in the 151 circle would be 
required; but since there is no index plate with 151 holes, it is 
necessary to use differential indexing. 

In differential indexing the fraction -^ is reduced to any fraction 
expressed in smaller numbers and having nearly the same 
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numerical value, as J, or 5 holes in the 20 circle. By revolving 
the crank J of a revolution, the amount of variation would be 

9 

the difference between -j^ and J or- — -—-• 

4X151 

_. 4X40 1X151 160 151 9 t xu 

^''"''45a5i-4>a5l=4^a5"r45<i5i=45<l5i" ^ ""^^^ 

words, for the crank or worm to have a total movement of 

40 . 9 . 

— — - of a revolution, the plate must revolve ;; — -zz of a revolution 
151 4X151 

while the crank moves an additional J of a revolution on the same 

1 9 40 

plate, because -+- — t7T=t^i which is the part of a revolution 

4 4X151 151 

the crank must make to move the spindle ytt of a revolution. 

With suitable gears it is possible to make the plate, or gear E, 

9 

revolve . ^^^^ of a revolution, while the spindle makes ytt of a 
4X151 

revolution. The number of teeth in the gears is obtained by 

inverting the number of the revolutions of the gears (see Article 71). 

9 
Thus, the gear on spindle D will require - — — of a tooth, and 

gear E will require -^h: of a tooth. By multiplying these by 4X 151 
to clear of fractions, the gear on the spindle will require 9 teeth and 
gear E will require 4 teeth. 

Thus, -— ^ y(4Xl51) = 9andTiTX(4X151)=4. 
4X151 

By multiplying these last numbers of teeth by any smaU number 

as 6, the gear on the spindle will have 9 V^6 or 54 teeth and gear E 

will have 4X6 or 24 teeth. 

This arrangement will cause the spindle to make x4t P*^ of a 
revolution while the crank is revolved 5 holes in the 20 circle. 

The same results can be obtained by applying the formula, 

~ =40-(X) (N) or ? = (X) (N)-40. 

D = the number of teeth in the gear on the spindle. 

E = the number of teeth in gear E. 

N=the number of divisions. 

40 
X=the approximate value of — • 
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The fonniUa, ^=40— (X) (N), requires one idler gear. 

The formula, p= (X) (N) -40, requires two idler gears. 
The solution of the above example is as follows : 



EXERCISE 64 

The plates furnished with the dividing head have the followiap 
series of holes, 15, 16, 17, 18, 19, 20, 21, 23, 27, 29, 31, 33, 37, 39, 41, 




Pig. 44S 
Use Fig. 445: 

1. How many revolutions must A make to cause C to make one 
complete revolution? 

2. How many revolutions must A malce to cause C to make ^ 
of a revolution? 

3. How many revolutions must A make to cause C to make ^ 
of a revolution? 

1. How many revolutions must A make to cause C to make ^7- 
of a revolution? 

6. How many holes are required in the index plate used in 
indexing 13 divisions? 

6. How many holes would the crank be moved in the above 
circle to take care of the fractional part of a revolution that 
remuns, when indexing 13 divisions? 



DIVIDING HEAD INDEXING 




Fig. 446 
Use Fig. 446, in which B=the number of holes in the circle: 
7. How many revolutions must A make to cause C to make y^ 
of a revolution? 
S. How many revolutions must A make to cauge C to move 22 



In the foUowing problems keep the number of teeth in the gears 
between the limits of 24 and 100. 



Number 

of 
Divisions 


Index 
Circle B 


Number „ 


GearE 


107 


? 


? 7 




123 


? 


? ? 


7 


506 


? 


? ? 


? 


1151 


? 


? ? 


? 



XXX 

CONTINUED FRACTIONS 

24A. The principle of continued fractions is used to re- 
duce a proper or improper fraction to a series of approximate 
fractions, called convergents. 

This process is used in calculating change gears for milling 
machines, lathes, hobbing machines, etc. 



211. The method of procedure used can be explained best 
by an example. 

«n. X xu X r 5263 8647o 

Example: What are the convergents of ^tt= or r^^- 



Solution: 1. Place the numerator and denominator 
either side of the line C, as shown. (See Article 22.) 

2. Divide the larger number by the smaller 
and place the quotient in column X. Thus, 
8647 contains 5263 once with a remainder 
3384. 



on 



3. Divide the last divisor by this remainder 
and place the quotient in column X. Thus, 
5263 contains the remainder 3384 once with a 
remainder 1879. 

The process of dividing the last divisor by 
the last remainder is continued imtil the final 
remainder becomes 0. 



The next step is to construct a block arrangement, as shown 
below and place ^ and ^ in the first two sets of blocks of the 
middle rows. The quotients obtained in column X are then placed 
in the top and bottom rows as shown. 

204 



■V 


^ 


1^^ 


8647 
5263 


5263 
3384 


1 
1 


3384 
1879 


1879 
1505 


1 
1 


1505 
1496 


374 
369 


4 
41 


9 
5 

4 
4 




5 
4 

1 


1 
1 

4 
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Then, at the point marked start, proceed as shown by the arrows. 
The sign H indicates multiplication and the sign ( 
addition. 




The following will help to simplify the above process: 



0X1+1=1 

1X1+0=1 

D 




1x1+0=1 

1X1+1=2 

E 




1X1+1=2 
2X1+1=3 

F 


2X1+1=3 
3X1+2=5 


G 


3X4+2 = 14 
5X4+3=23 


H 


14x41+3=577 

23X41+5=948 

I 


577X1 + 14 = 591 
948x1+23=971 
The convergcnts of 
The convergents of 


591X1+577=1168 

971X1+948=1919 

i^-n are h ?, f i, |, 


1168X4+591=5263 

1919X4+971=8647 

i H, m. etc. 



242. The values of the convferpents obtained by the prin- 
ciple of continued fractions arc alternately greater and less 
than the exact value of the fraction from which the con- 
vergents were obtained. The convergents approach the true 
value of the fraction as they advance to the right. The 
values of the convergents and the variations are shown at 
the bottom of the block arrangement. 
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EXERCISE 55 

1. What convergent does the block marked X equal? 







3 


5 


1 


12 


1 


1 






1 




k 


! 


X 








3 


5 


1 


12 


1 



46 
2. What are the convergents of tzt:? 



Continued Fractions for Simple Gear Ratios 

243. The number of teeth in a gear is usually between 
the limits of 20 and 100; therefore, if either gear in a simple 
ratio has more than 100 teeth, the ratio should be reduced 
by continued fractions to a smaller approximate form. 

To find the fraction that is a close approximation of an- 
other common fraction: 



Example 1: What fraction is a very close approximation of 
fif y if neither the numerator nor the denominator may exceed 100? 







1 


1 


1 


1 


4 


>r 4 


1 






1 


1 
1 


1 

2 


2 
3 


3 
5 


14 
23 


59 
97 






1 


1 


1 


1 


4 


4 



Solution: From Article 241, the quotients are 1, 1, 1, 1, 4, 41, 
etc. The work is carried to a point where the next step would make 
the convergent greater than 100. That is, it can be seen that if 41 
is used the denominator of the convergent will be 23X41+5, which 
is greater than 100. The largest number that could be used instead 
of 41 is 4. By using 4 the fraction f^ is formed. 
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J. f . ^. ^1 |t |. and 5^ are the cnnvergents, and |2 is an approxi- 
mate fraction. In many cases this approximate fraction is closer 
than the convergent. 
Thus, Hf7-= -608650. 

f| = . 608695. The variation equals .000045. 
^=mS2i^. The variation equals .000403. 
Then, 44 's the closest approximation of j^f- 



244. To find the common fraction that is a close approx- 
imation of a decimal: 

Example 2; What fraction is a close approximation of .6689 
if neither the numerator nor the denominator of the fraction may 
exceed 100. 





1 


2 


33 


|o|i 


1 

1 


2 
3 


67 
100 




1 


2 


49 33 



By using the rules given uni 
2, 49, 2, etc., and the convei^ents 



."Solution: .6689=7V(tt- 
Article 241 the quotients 1, 
J. ^j -[. §. are obtained. 

If 49 were to be used, the denominator of the convergent would 
be 3X49+1, which is greater than 100; therefore, the largest 
number that could be used instead of 49 is 33. 
By using 33 the fraction yVo is formed. 
tWtic = ■66890. 

i = .66666, The variation equals .00234. 

TVff = -67000. The variation equals .00110. 

Then, ^% is the closest approximatbn of .6689. 

EXERCISE 66 

1. What improper fraetion is a very close approximation of -^2 
if neither the numerator nor the denominator may exceed 100? 

2. What improper fraction is a very close approximation of 7 4JJ 
if neither the numerator nor the denominator may exceed 100? 

3. What common fraction is a verj' close approximation of 
.8143 if neither the numerator nor the denominator may exceed 100? 



i 

inder 
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Uniting Fractions 



216. If the sum of the numerators of two fractions is used 

to form the numerator of another fraction, and the sum of 

the denominators is used to fonn the denominator, the value 

of the fraction formed will be between the values of the 

given fractions. This process is called uniting fractions. 

Example 1: By adding the numerators and denominators of 
the fractions f and ^ the fraction yt is formed, and its value will 
be between the values of f and ^• 

SoLTTTioN • -"*"— "— The given fraction | = .40000. 
uiN . ^_^22 = 27 The given fraction ^ = .40909. 

The formed fraction || = . 40740. 

The value of the formed fraction, .40740, is between the values 
.40000 and .40909. 

By the use of this method other fractions between certain 
limits can be ascertained. 

Example 2: What fractions whose numerators and denomina- 
tors do not exceed 20 are between the values J and J? 

i ± iT? Ill 

4 17 13 9 14 19 5 

The fractions yt> ^j f > ^) and y\ are between the values of ^ and J» 

Example 3: Assume that the following convergents were 
obtained from a certain gear ratio. 







8 


2 


1 


1 


1 


6 


1 






1 


1 

8 


2 
17 


3 
25 


5 
42 


8 
67 


53 

444 






8 


2 


1 


1 


1 


6 



If the convergents /y and -^-^ are close enough for the gear ratio, 
other fractions between these values could be formed as shown, 



8 69 61 114 53 
67 578 511 955 444 

The fractions ^7^> -5^5-) and ^^ are between the values of the 
convergents -^j and :^^' 
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246. Very often in gear ratios for compound gearing, all 
the factors obtained from the simple ratios will not be leas 
than 100, which should be the case because the number of 
teeth in a gear is usually less than 100. 

Example 1: If JJit^ '^ the simple ratio, the factors would be 
2X23X3769 



Example 2 : If iVf is the simple ratio, the factors would be 
47X1 



be 



ExAMPi^ 3: If tVbWtiWV '^ ^^ simple ratio, the factors would 
2X3X6679171 
2X5000X10000* 



By the principle of continued fractions it is possible to 
obtain the closest set of factors so that the product of two 
of them divided by the product of the other two will equal 
approximately any ^ven ratio and have no factor greater 
than 100. 

The method used in obtaining the closest set of factors 
entails a rather lengthy and strenuous amount of calculating 
and should only be used where very accurate work is re- 
quired, or where a machine is to be set for a large number of 
the same pieces. 



247. The solution of Example 1 is as follows; 

Solution 1 : What product of two factors divided by the 
product of two other factors is the closest approximation of 1.73374, 
if the factora are nut to be greater than 1007 
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1.73374 = J73374 



5735 
9943 



=^ 



Upper end fraction 
; Lower end fraction 



Neither the numerator nor the denominator of the fraction to 
be factored must exceed 10000, because 100X100 equals 10000. 

This work is carried to g. point wliere tlie next step would make 
tlie convergent greater than 10000. That is, it can be seen that if 
24 is used the denominator will be 24X492+323, which is greater 
than 10000. The largest number that could be used instead of 24 
is 11. By using 11 the fraction f^s 'S obtained. 

Thus, 11X492+323=5735, and 11x853+560 = 9943. 

This fraction tlH is called the upper end fraction and is not 
a convergent. 

To obtain the denominator of the lower end fraction it is neces- 
sary, in the last step, to subtract 560 instead of adding. Thus, if 
24 were used, the denominator of the fraction would be greater than 
10000. Therefore, 12 is the lai^eat number that could be used 
instead of 24. By using 12 the denominator 9676 is obtained. 
Thus, 12X853-560 = 9676. In this case 560 is subtracted instead 
of being added. 



CONTINUED FRACTIONS 

To obtain the numerator of the lower end fraction it is necesaaiy, 

in the last step, to subtract 323 instead of adding. Thus, 12x492 

—323=5581. In this case, 323 is subtracted instead of being added. 

This fraction frri '^ ctdied the lower end fraction and is not 

a convergent. 

The closest results are obtainable from the largest convergent 
and the two end fractions; therefore, try to factor these and if 
none of them can be factored, place the end fractions on each side 
of the lines C and D, as shown below. 

Then continuously subtract the numerator and denominator of 
the largest convei^ent that can possibly be subtracted from the 
numerators anddenominatorsoftheendfractions, until some fraction 
whose numerator and denominator can be factored is obtained. 

If two of the fractions can be united and still be less than 10000 
unite them by adding the numerators for a new numerator and the 
denominators for a new denominator for the formed fraction. This 
is shown at *below. 

C D 

1 . 73373947 -> 9676 | 5581 9943 

Note: Do not 853 

i l,73373943->8823 5089 unite the num- 9090 

492 bers that are 853 

4597 beingsTibtracted. §237 

853 



^.S 1.73373939-^7970 

I a 1,73373934->7117 

Isj 853 

1.7337392-= 6264 

853 



1. 7337391 -> 
1.7337390->9969 

1.7337390-> 
1.7337389->8263 

l-7337388-> 
l-7337387->6557 

1.7337386-> 



5411 



492 
4105 



7384 



•4766 8797 



2137 

492 I 



5735 =-1.7337401 

492 
5243 <-l. 7337402 

492 B-f 

4751 <-I, 7337402 ^ 3 

492 ■ I ■' 

4259-=-1, 7337403 0"^ 

-i2? It 

3767^-1.7337403 g g 
_492 ■ ^ 

3275-^-1.7337404 



<-l. 7337405 
5074 <- 1,7337406 
*-l. 7337407 
4090<-l, 7337408 
<^1 .7337409 



2852^ 46X62 
1645" 35X47" 
Ib the first set that can be factored, therefore it is the cbsest si 



The variation equals .0000014. This 



SHOP MATHEMATICS 
248. The solution of Example 2 is as follows: 
Soldtion: What product of two factors divided by the product 
of two other factors is the closest approximation of ^*j'^. if the 
factors may not be greater than 1 00? 

In this example the work is performed as in Example 1, except 
that the last possible division, 1-i-O, which equals infinity (oo), 
is involved. 

If 1 is divided by a very small quantity a large quotient is ob- 
tained, and as the quantity being divided into 1 approaches 0, it 
can he reasoned that the quotient will approach infinity (co), or a 
quantity greater than any assignable value. 
Thus, ■55^=10000000. 



b. 



= looopoooooooopoopoo. 

a quantity greater thkn any a 
Any number di\'ided by equals co- 



;ignable value. 
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9853 


3143 
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7 


9yti4 












^ 67 



For the upper end fraction, the lai^est number that can be used 
instead of oo is 66. By using 66 the upper end fraction %\^\ is ob- 
tained. Thus, 66x47+6 =3108, 
and 66X149+19='9853. 

For the lower end fraction, the largest number tliat can be used 
instead of oo is 67. By using 67 the lower end fraction |-^J is ob- 
tained. Thus, 67X 47- 6 = 3143, 
and 67X149-19 = 9964. 

In this case 6 and 19 were subtracted in forming the lower end 
fraction. 

Try to factor the last or largest convergent and the two end 
fractions. If none of them can he factored place the end fractions 
on each side of the hnea C and D, as shown. Then continuously 
subtract the numerator and denominator of the largest convergent 
that can possibly be subtracted from the numerators and denom- 
inators of the end fractions, imtii some fraction whose numerator 
and denominator can be factored is obtained. 



CONTINUED FRACTIONS 
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D 
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9853 
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9964 
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47 
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3014 
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149 
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2861 
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2814 


8921 
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2732 
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8623 
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149 
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2638 
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8214 


2626 


8325 
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2544 


8065 
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2497 


7916 


2532 


8027 


47 
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2450 


7767 


2485 


7878 


47 


149 


47 


149 


2403 


7618 


2438 


7729 


47 


149 


47 


149 


2356 


7469 


2391 


7580 


2356 38X02 ^ 


1KA.^7 TVifi . 


irQriofmn ckniic 


)1a Hi 



7469 77X97 — •' ^™" "" 

the first set that can be factored; therefore, it is the closest set of 
factors. 
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Check: While A makes 1 revolution, D will make 1 X^Xfr or 
1.733738 revolutions, which varies only .000002 from the true 
value. 

EXERCISE 57 




Fig. 448 

1. In Fig. 448, while A 
makes 7.45 revolutions, how 
many teeth must A and B have 
so that B will make nearly 7.99 
revolutions? (Gears to be be- 
tween the Hmits of 24 and 100, 
and the variation on each 
revolution of B not to exceed 
.0001.) 

2. Under the same con- 
ditions, while A makes 9 revo- 
lutions, how many teeth must 
A and B have so that B will 
make nearly 10.675 revolu- 
tions? 




Fig. 449 

3. In Fig. 449, while A 
makes 75 revolutions, how many 
teeth must A, B, C, and D have 
so that D will make 312.653 
revolutions? (Gears to be be- 
tween the hmits of 20 and 100, 
and variation on each revolution 
of D not to exceed .00001.) 



GEARING OF THE LATHE 

Simple Gearing of the Lathe 

261. By using suitable change gears on a lathe, it is 
possible to cut almost any lead regardless of the number of 
threads per inch on the lead screw. 

To cut a given lead, the carriage must move the distance 
of the lead to be obtained, while the spindle makes 1 revolu- 
tion; therefore, it is necessary to determine the number of 
revolutions the lead screw must make to cause the carriage 
to move the distance of the lead to be cut. 





SHOP MATHEMATICS 

262. The detennination of the gears when threads per 
inch are given: 

Example 1 : In Fig. 450, how many teeth must the gears A 
and B have bo that the lathe will cut 11 threads per inch? 

Solotion: While the spindl-e makes 1 revolution, the carriage 
must move y'-j- of an inch. To cause the carriage to move -i^- of an 
inch, gear B must maie -pi-^i or -n- of a revolution; therrfore, 
while gear A makes 1 revolution, gear B must make ^t- of a revolution. 

To determine the number of teeth in the gears A and B, it is only 
necessary to invert the number of revolutions that each gear must 
make. (See Article 71.) Thus, if A makes 1 revolution while B 
makes ^ of a revolution, A must have yj- of a tooth and B must 
have 1 tooth. Multiplying both of these numbers by II wiJl eause 
the gears to have a whole number of teeth. Thus, A = -i^XIl or 
6teethandB = lxUor 11 teeth. 

The ratio of these gears is equivalent to the ratio of any of follow- 
ing sets of gears, ^. ^|. |^. f^. ^■ 

Check: Determine the distance the carriage will move while 
the spindle makes 1 revolution, using the Bet of gears found. 

Thus, while the spindle makes 1 revolution, the carriage will 
move fffX^=i'f of an inch. 

253. The determination of the gears when the lead is 
given; 

Example 2: In Fig. 450, how many teeth must the gears A 
and B have so that the lathe will cut a .3461-inch lead? 

Solution: While the spindle makes 1 revolution, the carriage 
must move .3461 inch. To cause the carriage to move .3461 inch, 
gear B must make .3461-i-J or 2.0766 revolutions; therefore, while 
gear A makes 1 revolution, gear B must make 2.0766 revolutions. 

To determine the number of teeth in the gears A and B, it ia only 
necessary to invert the revolutions that each gear must make. 
{See Article 71.) Thus, if A makes 1 revolution while B makes 
2.0766 revolutions, A must have 2.0766 teeth and B must have 1, 
tooth. Multiplying both of these by lOOOO will cause the gears to 
have a whole number of teeth; thus, A = 2.0766X10000 or 20766 
teeth, and B = 1X10000 or 10000 teeth. 



GEARING OF THE LATHE 

Ordinarily it is not practicable to have a gear with more than 
100 teeth, so the fraction jg^gg is reduced by the principle of 
continued fractions to the approximate fraction ^' 
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27X2 54 
13X2 26' 

Then, A must have 54 teeth, and B must have 26 teeth. 

Check: While the spindle makes one revolution, the carriage 
will move y^Xi- or .34615 of an inch. The variation equals ,00005 
of an inch. 



EXERCISE 68 

1. If a .1763' lead is required, how far must the tool move while 
the spindle of the lathe makes 1 revolution? 

2. If there are 5 threads per inch on the lead screw of a lathe, 
how many revolutions must it make to cause the tool to move 
.43117 

3. While the apindle of a lathe makes 1 revolution, how many 
revolutions must the lead screw make having 10 threads per inch, 
if the lathe is geared to cut a .1027' lead? 

i. What gears would be placed on the spindle and the lead- 
screw of a lathe, so that while the spindle makes 1 revolution the 
lead screw will make .5431 revolution? 

6. What lead would be cut when the gear on the spindle has 45 
teeth and the gear on the lead screw has 32 teeth., if there are 5 
threads per inch on the lead acrew? 

6. What gears would be used on the spindle and the lead screw 
to cut a .3153' lead, if there are 6 threads per inch on the lead 
screw? 
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fffSIS^^PP^o'^oi^'^ly JIaj - Then, D' = 3395 teeth and G' = 
2592 teeth. After faelaring (3395=35x97; 2592 = 81X32) and 
placing in proper compound order, D=97 teeth, E = 81 teeth, F = 35 
teeth, and G = 32 teeth. (See Aiticle 73.) 

Check: While the spindle naakea 1 revolution, the carriage will 
move ffxMXff or .2182999', which varies .0000001 from the 
true value. 



EXERCISE 69 

1. In a lathe (Fig, 451), when D = 50, E = 70, F = 37, and G=90, 
what lead will the lathe cut, if there are 6 threads per inch on the 



2. What number of teeth muBt the gears D, E, F, and G have 
so that, while the spindle makes 1 revolution, the lead screw will 
make 4.011 revolutions? (Fig. 451.) 

3. Wliat number of teeth must the gears D, E, F, and G have 
80 that the lathe will cut a 3.9248" lead, if there are 4 threads per 
inch on the lead screw? (Fig. 451.) 

4. If F = 96, and G = 24, what number of teeth must the gears 
D and E have, so that the lathe will cut a 3.1429' lead, if there are 
4 threads per inch on the lead screw? (Fig. 451.) 



Gear Box of a Lathe 

265. The gear box is used on most of the modem lathes, 
and by placing the handles in different positions all the 
standard threads can be cut. The standard threads have 
leads of 1", ^"j I", j", .|", I", 7", i", etc. 

In practical work many jobs require a special or odd lead; 
for instance, .1176" or 2.6478° lead. 

To cut special or odd leads it is necessary to change the 
gears which connect the spindle with the gear box to other 
gears. 




The lathe shown in Fig, 452 cuts 5 threads per inch, when 
A = 52, B = 43, and the handles of the gear box are in the 
positions shown. Other standard leads could be cut by 
placing the handles of the gear box in different positions, but 
it would not be necessary to change the geais A and B. 



266. For special or odd leads, A and B must be changed; 
consider the following example: 



Problem: 
L .2633' lead 



In Fig. 452, what would A and B be changed to, if 
vere required? 



Solution; By placing the handles in the position for 5 threads 
per inch a lead of .2000' would be cut. There ia no special reason 
for placing the handles for 5 threads per inch except that it is 
somewhat near the lead .2633'. 
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While the spindle makes 1 revolution, the carriage will move 
.2000", and the shaft marked S will make j-f revolutions; or stated 
otherwise: while S makes ^ revolutions, the carriage will move 
,2000*. If |-f revolutions of S move the carriage .2000', to move it 
.2633' the shaft S would have to make 43 X^^ooo '^^ seaod revolutions. 

It is now necessary to obtain gears that will cause the shaft S to 
make -g^^^^ revolutions while the spindle makes 1 revolution. 

To determine the number of teeth the gears A and B should 
have, it is only necessary to invert the revolutions that each gear 
must make. (See Article 71.) Thus, if A makes 1 revolution while 
B makes -jjooo revolutions, A must have -j ^a ss teeth and B must 
have 1 tooth. Muliipljiug both of these by 86000 will cause the 
gears to have a whole number of teeth; thus, A=Y5uno ^'^**00'^ 
or 1369J6 teeth, and B = 1 X860O0 or 86000 teeth. 

These numbers are then reduced by the principle of continued 
fractious to smaller numbers whose ratio is nearly the same. 

This process is as follows: 
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TVimTr = approximately ^g- 
Then, A=78 teeth, and B=49 teeth. Ans. 

Check: It is known from the preceding explanation that while 
the shaft S makes ^f revolutions, the carriage will move ,2000'. 
By using the set of gears just determined, while the spindle makes 
1 revolution, the shaft S will make J-f revolutions. If |^| revolutions 

of S move the slide .2000', J4 revolutions will move it ,2000Xtl or 

.26327'; therefore, the lead that these last gears will cut is .26327'. 
The variation equab ,00003'. 
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EXERCISE «0 




Fig. 463 

1. When A=4S teeth and B^32 teeth, the l&the shown in Fig. 
453 will cut 7 threads per inch. What would A and B be changed 
to if a . 1537" lead were required, the handle remaining as shown ? 

8. In f^. 463, when A-48 teeth and B=32 teeth, the lathe will 
cut 7 threads per inch. What lead would be cut if A were changed 
to 47 teeth and B to 33 teeth, the handle remainii^ as shown? 



XXXII 
GEARING OF THE MILLING MACHINE 
The Lead of the Spiral 
267. The lead of a spiral is the distance the milling- 
machiue table must move while the spiral makes one com- 
plete revolution. The gears that connect the dividing head 
and feed screw are called change gears. 




Fig. 464 

The illustration in Fig. 454 shows how the milling machme 
is geared for cutting spirals. The illustration in Fig. 455 
shows the working parts. 

Process of determining the lead of the spiral when the 
change gears are given; 




Problem: In Fig. 454, what lead would be cut, if D=64 teeth, 
E ■= 70 teeth, F = 20 teeth, and G = 60 teeth? 

Sonmos : While the spiral makes 1 revolution, D will make 40 
revolutions. While D makes 40 revolutions, G will make 
40X-fJXf8 or ^^ revolutions; therefore, while the spiral makes 
1 revolution, G will make ^^ revolutions. If 1 revolution of the 
feed screw, or G, moves the table J of an inch, ^- revolutions will 
move it ^T^Xi or 3.047619 inches; therefore, while the spiral 
makes 1 revolution, the table will niove 3.047619 inches, which is 
the lead the milling machine will cut when the above change gears 
are used, 

EXERCISE 61 

1. In Fig. 454, if D = 42, E = 28, F=40, a 
revolutions will G make while the spiral maki 

2. How far will the table move while the feed Bcrew, or G, makes 
11.06 revolutions? (Fif;. 454.) 



d G = 50, how many 
: 1 revolution? 
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3. If D = 64, E = 57, F = 62, and G = 36, what lead will tlio 
milling machine cut? (Fig. 454.) 



The Change Geahs 

268. Process of finding the change gears when the lead 
of the spiral is given: 

Phobi,em: How many teeth must the change gears D, E, F, and 
G have to cut a lead of 23.071 inches? (Fip. 454 and 455.) 

Solution: While the apira! makes 1 revolution, the table must 
move 23.071 inches. To move the table 23.071 inches, the feed 
Bcrew and the imaginary simple gear G' must make 23.071 -i- J or 
92.284 revolutions; therefore, to cut a 23.071 inch lead, the im- 
aginary simple gear G' must make 92.284 revolutions while the spiral 
makes 1 revolution. While D' makes 40 revolutions, the spird 
makes 1 revolution; therefore, while D' makes 40 revolutions, G' 
must make 92.284 revolutions. 

If we know the number of revolutions the ima^nary simple geara 
D' and G' will make, the number of teeth io them are obtained by 
inverting the revolutions. (See Article 76.) Thus, if D' makea 40 
revolutioof while G' makes 92.284 revolutions, D' will have 92.284 
teeth and G' 40 teeth. By multiplying these by 1000 to clear of 
fractions, D'=99284 teeth, and G'=40O00 teeth. The factors of 
these numbers are too large for compound gears; therefore, the 
numbers are reduced by the principle of continued fractions to 
other numbers from which suitable factors may be obtained. (See 
Articles 240 to 250.) 

Thus, 
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j55§0 = approximately %oi- Then, D'=9000 teeth, and G' = 390i 
teeth. After factoring (9000=90X100; 3901 = 47x83) aad placing 
in proper compound order, D = IOO teeth, E = 83 teeth, F = 90 
teeth, and G=47 teeth. (See Article 73.) 

Check: While the spiral makes 1 revolution, the table will 
move 40xV/X|iX5 or 23.071007 inches, which varies only 
.000007 inch from the true value. 



EXERCISE 62 

1. How many teeth must the milling-machine change geara 
D, E, F, and G have to cut a 7.5103' lead if there are four threads 
per inch on tlie teed screw? (Fig. 454.) 

2. How many teeth must the milUng-machine cliange geara 
D. E, F, and G have to cut a 50.0522' lead if there are four threads 
per inch on the feed screw? {Fig. 454.) 

3. How many teeth must the milling- machine change gears 
D, E, F, and G have to cut a 5,7291* lead if there are four threads 
per inch on the feed screw? (Fig. 454.) 




HOBS 

2fi9. Hobs are chiefly used for cutting the teeth in worm 
wheels, spur gears, and spiral gears. They are termed right- 
hand or left-hand according as the thread is right-band or left- 
hand. 

260. Linear pitch hobs.— Hobs for worm wheels usually 
have a linear pitch of 1", ^', 3", l", etc., or some lead tliat 
can be readily cut on any lathe without having to calculate 
the change gears. The outside diameter of hobs for worm 

wheels equals the diameter of the worm plus . 

(See Article 229 for dimensions of worms.) 

261. Diametral pitch hobs. — Hobs for spur or spiral 
gears have odd leads and are termed 5-, 6-, 7-, 8-, 9-, etc, 
diametral pitch. For example, a hob that is used for cutting 
5-diametral pitch gear^ h called a 5-diametral pitch hob, 
or a 5-D. P. hob. (See Article 263 for determining the lead of 
diametral pitch hobs.) The outside diameter of diametral 

pitch hobs equals the pitch diameter plus — y^-p — . or the 
pitch diameter equals the outside diameter minus — =7-= — 

262. Spiral-fluted hobs. — For lietter cutting action, hobs 
are made with spiral flutes. These flutes are at right at^es 
to the threads of the hob on the pitch diameter. They are 
also called gashes. 

The Lead of Diametral Pitch Hobs 

263. If a diametral pitch hob is constructed properly, it 
will fil] all the space of a rack having the same diametral 
pitch, as is shown in Fig. 456. To do this the hob must be 



placed at an angle on the rack. This angle is called the 
helix angle of the hob and is indicated by 6. It can be seen 




Fif. iG6 

that E, the lead of the tliread, is greater than A, the distance 
from tooth to tooth on the rack. The lead of the thread is 
equal to the product of the distance from tooth to tooth . 
of the rack and the secant of angle fl, or B = A (secant d) = 
g^ (secant 6). 
The following shows how angle 6 is determined. 
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A representation of the pitch diameter of a hob and a rack b 
shown in Fig. 457. I^br the lines representing the rack teeth to come 
directly under the lines representing the thread of the hob, the hob 
niUBt be placed at an angle. See angle 9. The diagram at the right 
shows how this representation would appear if it were cut along 
XY and straightened out. If the distance A, which ia the distance 
from tooth to tooth on tlie rack, ia known, angle d can readily be 

, , , TT^pitch diameter) 
determmed by cosecant p = 7 ■ 

or (D.P.) (pitch diameter). 

The lead of the hob is equal to A (secant 0), or ■ - (secant 6), 

By the similar triangles in Fig. 457 it can be proved that 

{pitch diameter) ( 



the lead of the hob also = 



Vd,p./ 



■»/(piteh diameter)^ - 
produce the same results as the preceding fon 



lula. 



:, which will 



Example: If the diameter of a 5-diametral pitch hob is 3 inches, 
the cosecant of fi=(D.P,)(pitch dianieter) = 5x3 = 15. 
Then, angle S=3°49' 21". 

The lead of the hob = :p^{secant^) = -^-r— (secant 3° 49' 21") 



3.1416,, 



D.P. " 



-X1.0O22 = .6297O'. 



By tlie formula derived from similar figures the lead c 
determined. 

' (pitch diameter)f =r-p-J 

lead = , — ^ ' 



3X.6 



1 



Vd.p,/ 



a/3*-t^ ■ 



^(pitch diameter)' 
1.88496 

2:993r=-6^™- 

The Lead of the Gabh 
264. The diagrams in Fig. 458 show how the lead of the 
gash is determinefl when the pitch diameter and the lead of 
the thread are given. 




Fig 468 



In diagram A, the heavy line represents one spiral flute 
of the hob. The distance that this spiral travel: 
complete revolution is called the lead of the gash. Note 
that its diameter in diagram A is equivalent to the pitch 
diameter of the hob. In diagram B is shown how the 
representation of A would appear if it were straightened out. 
In diagram C, the heavy line represents one thread spiral 
of the hob. The distance that this spiral travels in one 
complete revolution is called the lead of the hob. Not« 
that its diameter in diagram C is equivalent to the pitch 
diameter of the hob. In diagram D is shown how the 
representation of C would appear if it were straightened out. 

The spiral flutes of the hob are at right angles to the 
threads of the hob on the pitch diameter; therefore, the 
triangles in diagrams B and D are similar. 

Angle F equals the helix angle of the thread. In dia- 
gram D it can readily be seen that the cotangent of angle 
_ jr(pitch diameter) 
lead of hob 



lute V 

Into ■ 
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Angle G equals angle F, because the triangles are similar. 

In diagram B, it can readily be seen that the lead of 

the gash =;r (pitch diameter) (cotangent G). By similar 

figures it can be proved that the lead of the gash also 

[;r (pitch diameter)]^ i_- u -n j j.i_ u. 

= , — J — T-r-T — —y which will produce the same result 
lead of hob 

as the preceding formula. 



\ 



To find the lead of gash when the pitch diameter and 
lead are given: 

Example: If the pitch diameter of the hob is 2 inches, and if 
there are 3 threads per inch on the hob, the cotangent of the helix 

, rxi. xu J rxu u u 1 '*'X2 3.1416X2 ,^^^^ 
angle of the thread of the hob equals — — = — r = 18.850. 

i ^ 

Then, angles G and F equal 3° 2' 12\ 

The lead of the gash=7r (pitch diameter) (cotangent G) = 
3.1416X2X18.850=118.438*. 

By similar figures the lead of the gash can also be detenmned by 
KpitchdiameteDP [(3J41^^^^^g^33. 

lead of hob J 

To find the lead of gash when the pitch diameter and 
D. P. are given: 

Example: If the pitch diameter of a 5-diametral pitch hob is 
3 inches, the cosecant d=(D.P.) (pitch diameter) = 5X3 = 15. 
(See Article 263.) Then, the helix angle = 3° 49' 21". The lead of 
the gash=7r(pitch diameter) (cotangent ^) = 3.1416X3 X 14.967 = 
141.06''. 



EXERCISE 63 

1. If the pitch diameter of a hob used for cutting lO-diametral 
pitch gears is 3 inches, what should be the outside diameter? 

2. What should be the lead of this hob? 



3. What should be the lead of the gasli of tliis hob? 

Gear Ratios for Backing Off Spiral-fluted Hobs 




Fig 469 

266. If a string is wrapped around a cylindei to form a 
spiral as in Fig 459, a straight line will cross as many spaces 
between successive turns of the string as there are turns in 
the spiral. In thi'^ case a straight bne crosses A, B, C, D, 
E, F, G, and H, or 8 spaces, because there are 8 complete 
turns in the spiral 

If a line is drawn to form a spiral around the cylinder so 
that the direction will be opposite to the direction of the 
string, it will cross one more space between the successive 
turns of string than if it were straight. In this case the spiral 
line crosses I, J, K, L, M, N, O, P, and Q; that is 8+1 or 



266. Knowledge of the preceding demonstration is very 
essential in figuring the amount of rotation a spiral-fluted 
hob must make to cause the adjacent tooth in the next thread 
spiral to come on the center line. 

Example: If the lead of the ga.ah is 10 inches and the lead of 
the hob is .500 of an inch, what part of a revolution must the hob 
make in order that the adjacent tooth in the next thread will come 
on the center bne? In other words, in Fig. 460, when point A ia on 
the center line, what part of a revolution must the cylinder repre- 
senting the hob make to cause point B to come on the oeater line? 
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.[^jgi^^mwmM, 



Fig. 160 

Solution: There are 10-J-.5O0 or 20 turns of the thread within 
the diBtanee of one turn of the gash. A straight line will ctosb 20 
spaces between the threads of the hob. The lead of the gash makes 
one turn in the direction opposite to the turn of the thread; there- 
tore, the lead of the gash crosses 20+1 or 21 spaces between the 
threads. 

If parallel Unes are drawn from the intersecting points of the 
lead of the gash and the threads of the hob so that they project to 
the end of the hob as shown, the part of the whole circle between 
each of these lines will be ^' The part of the whole circle between 
each of these lines can also be determined by the formula, — 



I of the hob 



thus, J 



If the cylinder representing tlie hob revolves in the direction as 
shown by the arrow, it will have to revolve !— ^ or ff^ of a 
revolution to cause the adjacent tooth in the next thread to come 
on the center line, because tooth A is ^ part of a division out of 
line with tooth B. 

267. The principles explained in the preceding articles 
greatly simplify the calculation for the change gears con- 
trolling the backing-off mechanism. 

Example: How many teeth should the gears A, B, C, and D, 
in Fig. 461A, have, to back off a spiral-ftuted hob with 5 flutes, if 
the lead of the gash is 88.5 inches, and the lead of the hob is i of an 
inch? (Fig. 461.) 




Fig. 461 Fig. 461A 

Solution: Within the distance of the lead of the gash there 
are 88.5-^ J or 265.5 threads, 

A straight line will cross 265.5 spaoea within the lead of the gash; 
but the spiral Une would crosa 265.5+1 or 266.5 spaces between 
the threads of the hob. In Fig. 461, X=2^- Then ^ss:* Js the 
part of a division the adjacent tooth in the next thread is out of Une 
with the tooth being considered; therefore, when one tooth is on the 
center line, in order that the adjacent tooth in the next thread may 
come on the center Une, the hob will have to revolve 1 — jagl ~ JaH 
or j-jj of a revolution. In other words, Y in Fig. 461 equals §44* 

While the hob makes j|-| of a revolution, the tool must reciprocate 
5 times, because there are 5 flutes in the hob. While the cam makes 
1 revolution, the tool reciprocates 3 times; therefore, to cause the 
tool to reciprocate 5 times the cam or the imaginary simple gear D' 
must make 5-i-3 or 4 of a revolution. 

If we know the number of revolutions the imaginary simple gears 
A'and D' must make, the number of t«eth in them will l>e obtained 
by inverting the revolutions. (See Article 76.) Thus, if A' makes 
e|-j of a revolution while D' makes f of a revolution, A' must have 
I of a tooth and D', ^IJ "f ^ tooth. By multiplying these by 
533X3 to clear of fractions, A' = ^X533X3 = 2665 teeth, and 
D' = f|TX533X3 = 1593 teeth. After factoring (2665 = 41X65; 
1593=27X59) and placing in proper compound order, A = 41 
teeth, B=27 teeth, C = 65 teeth, and D = 59 teeth. 




1. The handle H being set for 3 threads per inch in Fig. 462, 
to what will the gears A and B be changed so as to cut a lead of 
^1432 inch? 

2. How many teeth should the gears C, D, E, and F have in 
order to back off a spiral-fluted hob with 6 flutes, if the lead of tha ^ 
gash is 282.59 inches, and the lead of the hob is ,31428 inch. 
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SPIRAL GEARS 




Fig. 463 



Fig. 464 



268. If a spiral gear is constructed pi'operly, it will mesh 
with a rack having the same pitch. To do this the spiral 
gear must be placed at an angle on the rack. See angle & in 
Fig. 464. This angle is called the angle of the spiral gear. 
For example, if this angle were 20°, the goar would be called 
a 20° spiral gear. Fig. 463 shows a right-hand spiral gear. 



Pitch Diameter and Lead of Spiral Gears 
The diametral pitch D.P., the number of teeth N, and the 
spiral angle determine the dimensions for spiral gears. 

269, Method of calculation : 
fi = angle of the spiral gear. 
N = number of teeth in the epiral gear. 
D.P. = diametral pilch. 
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-— g- = distance from tooth to tooth on a rack that would meah with 
the epiral gear. 

In Tig. 465, diagram A is a representation of the pitch diameter 
of a spiral gear and an imi^^nary continuation of one tooth. The 



- is the same as the distance from tooth to tooth on 

a rack with the same pitch. Diagram B shows how the spiral gear 
would appear if it were straightened out. Line C is perpendicular 



to the lines representing the teeth. Since =-r^ is the distance from 
tooth to tooth in diagram 6, and since there are N teeth, it can 
readilv be seen that C = N ( =Pp ) - 

By trigonometry the circumference of the pitch diam- 
eter =C (secant 6) or N (=j-g-l (secant. 6); therefore, the 
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._ ,. , ^,to7^^^^^^*^ N(secantd) ^ ,^ 

pitch diameter =N or — .^ -r. — -y and the 

TT D.r. 

, ., J. , Nfsecant 0)+2 
outside diameter = — ^^ — ^ p 

Problem: What is the pitch diameter and outside diameter of 
a 4-diametral pitch, 20-tooth, 22° spiral gear? 

o T>:x ,. J. X N(secant S) 20(secant 22°) 

Solution : Pitch diameter = =--=; = = 

u.r. 4 

20X1.0785 ^„_. , 

: = 5.3925 inches. 

4 

f^ 4 A A' * 20X1.0785+2 . _^_^ . , 

Outside diameter = =5.8925 inches. 

4 

By trigonometry it can readily be seen that: 
Lead of the spiral gear =C (cosecant B) or 

N ( =yp") (cosecant ^). 

Problem: What is the lead of a 4-diametral pitch, 20-tooth, 
22° spiral gear? 

Solution : Lead = N ( =;-p- ) (cosecant 6) = 

20 (g^ Kcosecant ^) = 20X^X2.6695=41.8325 inches. 

EXERCISE 65 

1. What is the pitch diameter of a 5-diametral pitch, 30-tooth, 
25° spiral gear? 

2. What is the pitch diameter of a 10-diametral pitch, 50-tooth, 
40° spiral gear? 

3. What is the lead of a 5-diametral pitch, 30-tooth, 25° spiral 
gear? 

4. What is the lead of a 10-diametral pitch, 50-tooth, 40° spiral 
gear? 
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Change-geah Ratios in Automatic Gear-hobbinq > 

Machines 




Fig. 466 



270. When hobbiiig spiral geara in an automatic gear- 
hobbing machinf!, the hob an.d the table are mechanically 
connected in such a way that they revolve together. The 
motion of the hob with respect to the table depends on the 
type of the hob and the gear that are being considered. 
All the teeth are cut simultaneously as the hob feeds through 
the work. 

271. A hob must be placed at an angle to mesh with a 
rack. (See Article 263.) So must a spiral gear be placed at 
an angle to mesh with a rack. (See Article 268.) There- 



fore, the sum or the difference of these angles is the angle 
at which the head carrying the hob shown in Fig. 466, muat 
be set when bobbing a spiral gear. 

Feed of the Hob 

272. As the hob and work revolve, the hob feeds through 
the face of the gear. The amount the hob feeds when the 
table makes 1 revolution is called the feed of the hob. For 
example, if the hob feeds ,060 of an inch while the table 
makes 1 revolution, .060 of an inch is the feed of the hob, 
or the hob takes a .060 of an iach cut. 

Hand of the Gear and Hob 

273. It is not necessary for the hand of the gear and the 
hand of the bob to be the same. For example, a left-hand 
hob can be used for cutting either right- or left-hand spiral 
gears, and a right-hand hob can also be used for cutting 
either right- or left-hand gears. 

Feed Spiral 

274. If a spiral hne is drawn around the gear blank which 

is being hobbed, so that the distance between each turn of 
this spiral line is the same as the feed being used, the hob 
will follow this line. The path that the center of the hob 
follows is similar to this line, and it is called the feed spiral 
of the gear. By using a very coarse feed with a hob taking 
a very light cut, these feed spirals can be traced, and if a 
right-hand hob is used, the feed spiral will be a right-hand 
spiral, and if a left-hand hob is used the feed spiral will be 
a left-hand spiral. To prove these statements study Figs. 
467, 468, 469, and 470. The feed spiral is not the tooth 
afial of the gear, 
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Fig. 467 



Fig. 468 



From Fig, 467, it can be seen that, if a hob feeds down through 
the face of the work, it must revolve as shown by the small arrow. 
A right-hand hob revolving as shown by the small arrow will cause 
the work to revolve as shown by the large arrow. From this it can 
be seen that a right-hand feed spiral is obtained. 

From Fig. 468, it can be seen that, if a hob feeds up through the 
face of the work, it must revolve as shown by the small arrow. A 
right-hand hob revolving as shown by the small arrow will cause 
the work to revolve as shown by the large arrow. From this it can 
be seen that a ri^t-hand feed spiral is obtained. 




Fig. 46d 



Fig. 470 



From Fig. 469, it can he seen that, if a hob feeds down through 
the face of the work, it must revolve as shown by the small arrow. 
A left-hand hob revolving as shown by the small arrow will cause 
the work to revolve as shown by the large arrow. From this it can 
be seen that a left-hand feed spiral ia obtained. 

From Fig. 470, it can be seen that, if a hob feeds up through the 
face of the work, it must revolve as shown by the small arrow, A 



left-hand hob revolvine ^ shown by the small arrow will cause the 
work to revolve as shown by the large arrow. From this it can 
be seen that a left-hand feed spiral is obtained, 

Righl-kand hobs always produce righl-hand feed spirals, and lifl- 
hand hobs al-ways produce left-hand f bed spirals. 

Theory of the Intersecting Points of Spirals 




Fig. 471 

275. If a string is wrapped around a cylinder to form a 
spiral as in Fig. 471, a straight line will cross as many spaces 
between the successive turns of tht- string aa there are turns 
in the spiral. In this ease a straight line crasaes A, B, C, 
D, E, F, G, and H, or 8 spaces. 

If a line is drawn to form a spiral around the cylinder so 
that the direction or "hand" will be opposite to the "hand" 
of the string, it will cross one more space between the 
successive turns of the string than if it were straight. In 
this case the spiral line, making one turn in the opposite 
hand from the string, crosses I, J, K, L, M, N, 0, P, and Q; 
that is, 8+1 or 9 spaces. 

If a line is drawn to form a spiral around the cylinder so 
that the "hand" will be the same as the "hand" of the 
string, it will cross the spaces made by the string one time 
leas than if it were straight. In this case the spiral line, 
making one turn in the same band as the string, crosses 
R, S, T, U, V, W, and X; that is, 8-1 or 7 spaces. 

276. The preceding demonstration is used in problems 
dealing with the relatioD of the intersecting poiatH of spirala. 
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and it is used as the basis for the computations of change 
gears for automatic gear-hobbing machines. 

I Problem 1 : In Fig. 472, if the lead of the left-hand apiral A is 

I 5 inches, and if the lead of the left-hand spiral B is .500 of an inch, 

^what part of the whole circle docs X equal? 
u 




Fig. 472 



Solution: There are 5-;-. 500 or 10 turns of the spiral B within 
the distance of one turn of the spiral A. A straight Une will cross 
10 spaces between the turns of the spiral B; but the spiral A, 
making one turn in the same hard as the spiral B, crosses 10 — 1 or 9 
spaces. If parallel Sines are drawn from the intersecting points erf 
these spirals to the end of the cylinder, they will divide the circle 
into 9 parts; therefore, 5 of a complete circle is between the suc- 
cessive intersecting points of th« spirals. 

^77. Another case involving intersecting points of spirals. 

Problem 2: In Fig. 473, if the lead of the left-hand spiral A' 
is 11 inches, what would be the lead of the right-hand spu'al B, 
when the part of a complete circle 
between the intersecting points of 
the spirals is j^^ 

Solution: If the part of & 
complete circle between the in- 
tersecting points of the spirals is 
^^, the spiral hne A must cross 
22.6 spaces between the turns of 
the spiral B. When the hands of 
the spirals are opposite, one spiral 
crosses the spaces between the 
turns of the other spiral one time more than a straight line would 
cross; therefore, a straight line would cross 22.6—1 or 21.6 . 




Fig. 473 
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bstween the turna of the spiral B. If a straight line crossea 21.6 
spaces within the distance of 1 1 inches, the lead of tlie spiral B must 
be 11*21.6 or -r^ of an inch. 




Fig. 474 



1. In Fig. 474, if the lead of 
the spiral line A is 20 inches, 
and the lead of tlie spiral Une B 
is .900 of an inch, what part of 
the complete circle is X? 

2. In the same figure, what 
part of the complete circle is Y? 



F^. 476 

3. In Fig. 475, if the lead of 
the spiral line A is 20 inches, 
and the lead of the spiral line B 
is .900 of an inch, what part of 
the complete circle is X? 

4. In the same figure, what 
part of the complete circle is Y? 




Fifi. 476 

5. In Fig. 476, if the lead of 
the spiral Une A is 10 inches, 
what will be the lend of the 
spiral B, when the part of a 
complete circle between the 
intersecting points of the spirals 



6. In Fig. 477, if the lead of 
the spiral line A is 102 inches, 
what will be the lead of the 
spiral B, when ^J of a com- 
plete circle is the relation of the 
iatersecting points? 



248 
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278. The principles in the preceding articles (275, 276, 
277) are essential in calculating the amount of rotation the 
spiral gear must make, while the hob makes as many revo- 
lutions as there are teeth in the gear being considered. 

When bobbing a spur gear, the table and the spur gear 
must make one revolution while the hob makes as many 
revolutions as there are teeth in the spur gear; but when 
bobbing a spiral gear, the spiral gear and the table must 
make a little more or less than one revolution while the hob 
makes as many revolutions as there are teeth in the spiral 
gear. The hand of the hob and the hand of the tooth spiral 
will determine whether or not the table is to make more than 
one complete revolution while the hob makes as many revo- 
lutions as there are teeth in the spiral gear. 

Problem 1: If 8 left-hand Rrooves have a lead of 10 inchee 
and are being cut with a single tooth of a right-hand hob, by using 
a coarse feed of .500 of an inch, what part of a revolution must the 
table make while the hob makes 8 revolutions? (Figa. 478 and 479.) 




Solution : The feed spiral must be a right-hand spiral because a 
right-hand hob is being used. (See Article 274.) The hand of the 
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grooves and the hand of the feed apiral are opposite; therefore, ^ 
is the part of a complete circle between the intersecting points of 
the spirals. (See Artiplea 275, 276.) If a right-hand hob feeds 
down through the work, the work muBt revolve as shown by tie 
large arrow; therefore, while the hob makes 8 revolutions, the 
work will make i — ^V or f^ of a revolution. 



279. Another case involving the rotation of the spiral gear: 

Problem 2. If 8 right-hand grooves have a lead of 10 inches, 
and are being cut with a single tooth of a right-hand hob, by using 
a coarse feed of .500 of an inch, what part of a revolution must the 
table make while the hob makes S revolutions? (Figs. 480 and 
481.) 




Sornnoy: The feed spiral must be a right-hand spiral because 
a right-hand hob is being used. (See Article 274.) The hand of the 
grooves and the hand of the feed spirals are the same; therefore, 
Ys is the part of a complete circle between the intersecting points 
of the spirals. (See Articles 275, 276.) If a right-hand hob feeds 
down through the work, the work must revolve as shown by the 
large arrow; therefore, while the hob makes 8 revolutions, the work 
will make l-j-^V "^ H revolutions. 
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Calculations of Change Gears 
280. Method when using 



Problem 1 1 In the automatic gear-hobbing machine in Fig. 482, 
what feed and index gears should be used in tutting a 20-tooth 
gear with a 44.62-inc!i right-hand lead, if a left-hand hob and a, 
.040-iBch feed are used? 




Fig. 482 
281. Solution of the index gears. 



Solution: In Fig. 483, the teed spiral will be left-hand because 
a left-hand hob is being used. (See Article 274.) The hand of the 
tooth spiral and the hand of the feed spiral are opposite; thera- 





Fig. 483 
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fore, according to Arliclea 275 and 276, the part of a complete 
circle between the intersecting points is fYTg-^- If a left-hand 
hob feeds down through the work {see Fig. 
469), the work must revolve us shown by the 
arrow; and from this it can be seen that the 
work roust make 1 — ^^^ or ]\\H of a revolu- 
tion while the hob makes 20 revolutions, be- 
cause there are 20 teeth in the gear. 

The next step is to determine how many teeth 
the gears E, F, G, and H must have so that, 
when the table makes '~^ of a revolution, 
the hob will make 20 revolutions. When the hob makes 20 
revolutions, the imaginary simple gear H' will make 20X|^X^^X 
■^TT or 20 revolutions. When the work maies iij^l of a revolu- 

niss^cn 2231X60 
tion,the imaginary simple gear E' will make luc:^ xeu or — ■ 

revolutions. 

If we know the number of revolutions the imaginary simple gears 
H' and E' must make, the number of teeth in them will be obtained 
by inverting the revolutions, (See Article 76.) Thus, if H' makes 

2231 X60 
20 revolutions while E' makes — t-^t — revolutions, H' must have 

teeth, and E' 20 teeth. By multiplying these bj 2233 
2231 X60 , 



-X2233 or 2231X60 teeth, and 



2231X60 

2233 
to clear of fractions, H' = — 

E' = 20X2233 teeth. Divide these last numbers by 20, and H' = 
2231X60^20 or 6693 teeth, and E'=2233X20-^20 or 2233 teeth. 
After factoring (6693=97X69; 2233 = 29x77) and placing in 
proper compound order, E = 29 teeth, F=97 teeth, G = 77 teeth, 
and H = 69 teeth. 



L 



282. Solution of the feed gears. 

Solution 1: While the screw X makes 1 revolution, the hob 
feeds down | inch or .400 inch; therefore, to feed the hob .040 
inch, which is the feed to be used, the screw must make .(MO-^ 
.400 or .1 of a revolution. Wiile the screw makes .1 of a 
revolution, the imaginary simple gear A' will make .1X72 or 
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EThe hob feeds .(MO inch while the table makes 
. , _. while the imaginary simple gear D' makes IX 

60xfi or 15 revolutions. 

If we know the number of revolutions the imaginary simple l 
A' and D' must make, the number of teeth in them will be obtained 
by inverting the revolutions. (See Article 76.) Thus, if A' c 
7.2 revolutions while D' makes 15 revolutions, A' must have 15 
teeth and D' 7.2 teeth. By multiplying these by 10 to clear of 
' fractions, A' = 150 teeth and D' = 72 teeth. After factoring {150= 

10X15; 72 = 8x9) and placing in proper compound order, A = 15 
teeth, B=9 teeth, C = 10 teeth, and D = 8 teeth. If we multiply 
these by 3 for a better set of gears, A =45 teeth, B = 27 teeth, C = 30 
teeth, and D = 24 teeth. {See Article 74.) 

Solution 2: When the feed gears A, B, C, and D all have the 
same number of teeth, the head carrying the hob will feed 60Xfj 
XtV-^ i <"■ tV '""ih; therefore, the gear ratio for a .040-inch feed 



"■^"•ifo-i- 



Gears obtained from this ratio are the 



same as those obtained in Solution 1. Thus, 



5X5 45X30 

'3X4~27X24' 



I 



283. Method when using approximately the feed assumed: 
Very often it is impossible to cut the exact lead of a spiral 
gear on an automatic gear-hobbing machine, but by allow- 
ing the teed to vary slightly, leads that are close enough for 
all practical purposes may be obtained. 

Problem 2: In Fig. 482, if the ratio of the worm wheel on 
the table and the worm were 90 instead of 60, what feed and index 
gears would be used in cutting a 13-tooth spiral gear with, a 
10.2753-inch left-hand lead, if a left-hand hob with an approximate 
feed of .020 of an inch were used? 



284. Solution of the index gears. 

Solution; In Fig. 484, the feed spu-al will be left-hand, aince 
a teftr-hand hob is being used. (See Article 274.) In the distance ot 
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the lead there will be 10.2753-;- .020 or approximately 513 turns 
of the feed spiral. (See Article 275.) The hand of the tooth spiral and 

the hand of tie feed spiral are the same; 

therefore, according to Article 276, the part 
if the complete circle betweeo the intersecting 

points is 5^. If a left-hand hob feeds down 

through the work (see Fig. 469), the work 

Imust revolve sis shown by the arrow, and 
from this it can be seen that the work must 
make l+sr^ or yff revolutions, while the 
Fig. 484 }job makes 13 revolutions, because there are 

13 teeth in the spiral gear. 

The next step is to determine how many teeth the gears E, F, G, 
and H must have so that, while the table makes ^{^ revolutions, 
the hob will make 13 revolutions. When the table makes J-[-| 
revolutions, the imaginary simple gear E' will make j-jra^XSO 
revolutions, since the ratio of the worm wheel and worm is 90. 
While the hob makes 13 revolutions, the imapnary simple gear 
H' will make ISX^X^gX^ or 13 revolutions. 

If we know the number of revolutions the ima^nary simple gears 
E' and H' must make, we may obtain the number of teeth in them 
by inverting the revolutions. (See Article 76.) Thus, if E' makes 
5-}-§X90 revolutions while H' makes 13 revolutions, E' must have 
13 teeth and H', JHXiK) t«eth. If we multiply these l)y 512 to . 

clear of fractions, E' = 13X512 = 6656 teeth, and H'= '^ — X512 

or 46170 teeth. The factors of these niimbors are too large for 
compound gears; therefore, the numbers are reduced by the princi- 
ple of continued fractions to other numbers from wluch suitable 
factora may be obtained. 

Thus, 



66S6 


46170 


6234 
422 


39036 
6234 


326 

96 


5908 
326 




288 







6 


1 


14 


1 


1 





1 


I 
6 


I 


i5 
IM 


16 
111 






6 


1 


U 


1 
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When reducing the numbers in this way, stop at a convergent 
where the larger number of the convergent ia between the limits 
of 100 and 500. K will be close enough ordinarily and more readily 
factored. 

Since £^f'^=appTOTaiaa,tiely ^j^> E' = 16 teeth and H' = lll 
teeth. After factoring (16 = 1X16; 111 = 3X37) and placing in. 
proper compound order, E = 16 teeth, F=3 teeth, G=l tooth, and 
H=37 t«eth. By multiplying these by 2 and 30, the following set 
of gears are obtained: E = 32 teeth, F=90 teeth, G=30 teeth, and 
H=74 teeth. (See Article 74.) 

285. Solution of the feed to be used with the above gears. 

While the hob makes 13 revolutions, the imaginary simple gear 
H' will make ISXl^X^SXrVir or 13 revolutions. Therefore, 
when E = 32, F=90, G=30, and H=74, the table will make 13X 
f sX JbX A •"■ tri revolutions, while the hob makes 13 revolutions. 
In other words, the gear blank makes -J-fJ revolutions while re- 
volving from one intersecting point of the spirals to the next; or 
the part of a complete circle between the intersecting points of the 
Spirals is l^-I or ^^^ 




Pig. 48G 

If j^ is the part of a complete circle between the intersecting , 
points, and if the lead of the tooth spiral is 10.2753 inches, the \ 
distance of one turn of the feed spiral will be 10.2753-^(480+1) o 
.021362 of an inch. (Sec Article 277, Problem 2.) 

286. Solution of the feed gears. 

When the gears A, B, C, and D all have the same number of 
teeth, the head carrying the hob will feed WXfgX AX| or .125 j 
of an inch; therefore, the gear ratio for a .021362 of an inch feed I 
^' '^ na'iVta °^ ^ AViV ' "^^ factors of these numbers are too J 
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large for compound gears; therefore, the numbers are reduced by 
the principle of continued fractions to other numbers for which 
suitable factors may be obtained. 

Thus, 
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When reducing the numbers in this way, stop at a convergent 
where the larger number of the convergent is between the limits of 
100 and 500. It will be dose enough ordinarily and more readily 
factored. 

Since ^5^-^^^= approximately ^, A' = 158 teeth, and D' = 27 

teeth. After factoring (158 = 2X79; 27 = 1X27) and placing in 

proper compound order, A = 2 teeth, B=l tooth, C = 79 teeth, and 

D = 27 teeth. If we multiply A and B by 30, a better set of gears 

is obtained. Thus, A = 60 teeth, B=30 teeth, C = 79 teeth, and 

D = 27 teeth. (See Article 74.) This set of gears will feed the hob 

30X27 
•125 X rr — zz, or .0213607 of an inch. If one space between turns of 
60X79 

the feed spiral measures .0213607 of an inch, 481 spaces will 

measure 481 X. 0213607 or 10.2745 inches; therefore, the given 

index and feed gears will cut a 10.2745-inch lead, which varies only 

.0008 of an inch from the true lead. 

EXERCISE 67 

1. In Fig. 482, what feed and index gears should be used to cut 
a 3-diametral pitch, 54- tooth, left-hand, 23° spiral gear, if a right- 
hand hob with a feed of exactly .022 of an inch is used, the ratio of 
the worm wheel and worm being 90 instead of 60? 

2. If the automatic gear-hobbing machine (Fig. 482) using a left- 
hand hob for cutting a 27-tooth, left-hand spiral gear were geared so 
that the feed gears were A, 72 teeth; B, 30 teeth; C, 50 teeth; and 
D, 20 teeth, and if the index gears were E, 36 teeth; F, 74 teeth; 
G, 24 teeth; and H, 39 teeth; what lead would the gear being cut 
have, the ratio of the worm wheel and worm being 90 instead of 60? 
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FACTOR TABLE 



The following factor table consists of all numbers that can be 
made up of two factors not exceeding 100. 

Prime numbers are not listed. 

Four change gears with teeth between the limits of 20 and 
100 will form enough different combinations so that ratios close 
enough for all practical purposes may be obtained. 

To find the prime factors of a number, take the factors given 
in the table and find the prime factors of them. 

Example: 1197= (21X57) = (3X7) (3X19) =3X3X7X19. 
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DECIMAL EQUIVALENTS 
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Addendum, 180, 188, 194 
Addendum angle (bevel gears)! 

187, 188 

Addition, of angles, 107; of deci- 
mals, 22; of fractions, 9 

Algebraic problems solved by Bim- 
ilar figures, 118 

Aliquot part, 31 

Altitude of a triangle, 103, 165 

Angles, 79, 106 

Angular addendum (bevel gears], 
188 

Angular indexing (dividing head), 
199 

Approximation of a decimal, 207 

Approximation of a fraction, 200 

Arc, definition of, 84 

Area, of a circle, 90; of a cone, 01; 
of a cylinder, 91; of a frustum 
of a cone, 91; of a parallelo^ 
gram, 90; of a rectangle, 89; 
of a sphere, 92; of a square, 89; 
of a trapezoid, 90; of a triangle, 
89 

Bevel gears, dimensions of, 187, 

188, 189; shafts forming aa 
acute angle, 191; shafts form- 
ing a right angle, 187 

Bisector of an angle, 86 
Brown and Sharp tapers, 124 

Calculations of change gears for 

hobbing machines, 250 
Cancellation, 13 
Center distance of worm and worm 

wheel, 194 
Change gears for automatic gear 

hobbing, 250, 261, 252, 254; for 

backing off, 236, 237; for the 



lathe, 217, 218, 220, 223; for 
spiral gear hobbing, 250, 251, 
252, 254; for spu'al milling , 226, 
228 

Checking bevel gear teeth, 188 

Checking gear teeth, with a square 
gauge, 184; with plugs, 181, 
182, 183; with verniers, 180, 
184, 188, 195 

Checking holes bored at an angle, 
178 

Cheeking rack teeth, with plugs, 



182; 



(rithv 



\, 180 



Checking worm threads, 195 
Checking worm wheel teeth, 195 
Chord, definition of, 84 
Circle, area of, 90; definition of, 

82 
Circular pitch, 179 
Circumscribed circle, 84, 86 
Circumference of circle, 82 
Clearance of bevel gear teeth, 188; 

of spur gear teeth, ISO 
Closest set of approximate factors 

for compound gears, 209 
Common fractions, 6 
Complex fractions, 16 



Compound gear ratios for a lathe, 

220 
Compound gears, and lead screw, 

56; and rack, 50; for given 

revolutions, 50; teeth required, 

50, 215 
Compound proportion, 63 
Compounded ratios, 62 
Cone, area of, 91; volume of, 97 



I Continui 

f pound 



Convergeiits<uantiQued fractions), Enlai^ing figures, 116 



204 

Corresponding angles, 80 
Cosecajtt, definitioD of, 131; use 

of, 137 
Cosine, definition of, 130; use of, 

135 
Cotangent, definition of, 130; use 

of, 136 
Cuttfira for gear teeth, 182 
Cutting speeds and feeds, 74 
Cylinder, area of, 91; volume of, 

97 

Decimal degree, lOS 

Decimal equivalents, table of, 316 

Decimal fractions, 22 

Decimals, 22 

Dedendum, 180, 188 

Dedendum angle (bevel gears), 
187, 188 

Degree, definition of, 106 

Denominator, 6 

Dials, 66 

Diameter of a circle, 82 

Diametral pitch, 179 

Diametral pitch hobs, 230 

Differential indexing (dividing 
head), 199 

Dimensions, for checking bevel 
gear teeth, 188; for cnecking 
rack teeth, 180, 182; for check- 
ing spur gear teeth, 180, 181, 
182, 183, 184; for checking 
worm threads, 195; for check- 
ing worm wheel teeth, 195; for 
standard tapers, 124 

Dividing an angle, 108 

Dividing head, 198 

Division, of decimals, 23; offrac- 



B of 9'8, 



L, definition of, 3 

involving complex 




ExpressiL..., „ 

fractions, 18, 20; involving mul- 
tiplication and division, 4; in- 
volving grouping 83™nbo]s, 36, 
37; involving radical signs, 39 

Face angle (bevel gears), 187, 188 

Factors for compound gearing, 47, 
48 

Factors of a number, 1 

Factor table, 305 

Feed gears for bobbing machine, 
251, 254 

Feed, of the hob, 243; to be UHed 
on a hob, 254 

Feed spirals, 243 

Feet per minute, 74, 75 

Formula, definition of, 38; i 
differential indexing, 201; I 
inscribed circle in a ri^ht t 
angle, 87; for intersections of 
chords, 87; involving radical 
sign, 38 

Fraction, definition of, 6 

Fractional expressions, 14 

Frustum of cone, area of, 91 

Functions of angles, 130 

Gage problems, 175 

Gashes of a hob, 230 

Gear and lead screw, 54 

Gear box of a lathe, 222 

Gearing, of the lathe, 55, 217; 
of the TnilHri g machine, 236 

Gear ratios, 42, 43; for barcking 
off, 236, 237; for a lathe, 56, 21? 

Gears, dimensions of, 179, 180; 
factors for compounding, 47: 
teeth required, 42, 43; teetB 
required for a lathe, 55, 217 



r 



Gear-tooth verniers, 112 
Graduated dials, ()6 
Grouping aj'iabola, 36 

Hand, of a hob, 230; of spiral 

gear, 243 
Helix angle, of a hob, 231; of a 

worm, 194 
Hexagon, definition of, 84 
Hob, definition of, 230 
Hohbing machine, 242, 250 
Hobbing machine change gears, 

250 
Hobbing spiral gears, 242 
Horizontal line, definition of, 79 
Hypotenuse, definition of, 126 

Idler gears, definition of, 43 
Imaginary simple gears, 47, 50 
Improper fraction, definition ot, G 
Index gears for hobbing machine, 

250,252 
Indexing (dividing head), 198, 199 
Infinity, definition of, 212 
Inscribed circle, 84, 86 
Involute gears, 179 

Jamo tapers, 124 

Lathe, gearing of, 55, 217 

Lathe gears, 55, 217 

Lead, definition of, 54; of diam- 
etral-pitch hobs, 230, 232; of 
hob gash, 232; of spiral gears, 
240 

Least common denominator, 

Linear pitch, 194 

Linear pitch hobs, 230 

Lower-end fraction (continued 
fractions), 210 

Lowest terms of fractions, 7 

Maximum speed of crank slides, 



Milling-machine gears, 226 
Minute, definition of, 106 
Mixed number, fi 
Morse taper?, 124 
Multiplying an angle, 107 
Multiplication of decimals, 23; 
of fractions, 12; indicated by a 
dot, 38; sign of, omitted, 38, 39 

Numerator, definition of, 6 

Obhque triangle, definition ot, 80 

Odd leads, 222 

Opposite angles, 79 

Outside diameter, of bevel gears, 
187, 188; of hobs, 230; ot spiral 
gears, 241; of spur gears, 180 

Parallelepiped, volume of, 96 

Parallel lines, definition of, 79 

Parallelogram, area of, 90 

Pcri'ont-agf', 33 

Peripheral speed, 74 

Perpendicular line, definition of, 
79 

Perpendiculars of a triangle, 149 

Pitch angle of a bevel gear, 187, 
188 

Pitch cone radius (bevel gear), 
187, 188 

Pitch diameter, of a bevel gear, 
187, 188; of a spiral gear, 240; 
of a spur gear, 180; of a worm, 
194; of a worm wheel, 194 

Pitch of gears, 179 

Point of tangency, definition of, 82 

Polygon, definition of, 85 

Practical problems in trigonom- 
etry, 167 

Pressure angle of a gear, 179 

Prime factors, 1 

Prime numbers, 1 

Product of ratios, 62 

Proof, of addition. 28; of division, 
29; of multiplication, 29; ti 



aquBTP root, 71; of subtraction, 
29; of Y = (AM:')-^2B, 104 

Proper fractions, 6 

Proportion, 60; rule, 61; rule tor 
tapers, 133 

Protractors, 113 

PjTamid, volume of, 96 

Pythagorean theorem, 100 

Rack, and compound Rears, 50, 51; 
and simple gears, 4-1 

Eack teeth, dimensions of, 179, 
180 

Badical sign, use of, 3, 38, 39, 70 

Radius of circle, S3 

Ratio, 59; of arc to radius, 106; 
of similar figtu^s, 116 

Reciprocal, of an aliquot part, 31 ; 
of a number, 17; of a fraction, 
17; ofaratiD,5{l 

Rectangle, area of, 89 

Reducing figures, 116 

Reduction, of complex fractions. 
16; at decimals, 24; oi decimal 
degree, 108; of fractions, 7 

Relation of altitude line and mid- 
point of base, 103 

Removal of grouping symbols, 36, 
37 

Revolutions per minut«, 74 

Root angle (bevel gears), 187, 188 

Rule, for addition of fractions, 10; 
for area of a triai^le, 38; for 
compoimd gearing, 47; for 
compound proportion, 64; for 
determining divisions on \'er- 
niera. 111; for hypotenuse of a 
right triangle, 100; for propor- 
tion, 61; for side of a right tri- 
angle, 101; for Hubl.raction of 
fractions, 10; for tapers, 123 

Secant, definition of, 130; use of, 

137 
Second, definition of, 106 
Sector, definition of 



Segment, definition of, S4 

Short cuts in division, 31; in 

multiphcation, 31 
Side adjoining, definition of, 126 
Side opposite, definition of, 126 
Signs of operation, 3 
Similar figures, 116 
Similar triangles, trigonometry, 

126, 127 

gearing, 41; of the lathe, 



! (dividing head). 



217 



Simple proportion, 60 

Sine bar problems, 173 

Sine, definition of, 130; use of, 13i 

Single-threaded screw, 54 

Solution, of feed gears for hobbing 
machine, 251, 254; of index 
gears for hobbing machine, 250, 
252; of oblique triangles, 150, 
156, 160; of right triangles, 134, 
139, 142 

Sphere, area of, 92; volume of, 98 

Spiral-ftuted hobs, 230 



Spiral intersections, 235, 245 

Spur gear, 41, 179 

Spur gear and rack, dimenfiions of, 

179, 180 
Square, area of, 89; definition of, 

84 
Square root, 70; of a fraction, 72 
Standard tapers, 124 
Subtraction, of angles, 107; of 

decimals, 22; of fractions, 10 

Table, of cutters for gear teeth, 
132; of decimal equivalents, 
316; of factors, 305; of trigo- 
functions, 257 



INDEX 
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Teeth required in compound gears, 
50, 215 

Theory of the intersecting points 
of spirals, 235, 245 

Threads per inch, 54 

Throat diameter of worm wheels, 
194 

Time required for drilling, 75 

Tooth angle of spiral gears, 239 

Trapezoid, area of, 90 

Triangle, area of, 38, 89 ; definition 

of, 80 
Trigonometry, 126 
Trigonometric functions, 130 ; 

table of, 25 
Triple-threaded screw, 54 

Uniting fractions, 208 

Unit method, 63 

Upper-end fraction (continued 
fractions), 210 



Use of gear-tooth verniers, 180, 
188, 195 

Use of trigonometric tabloi 131 

Vernier, 111 

Vernier calipers, 111, 112; for 
checking gear teeth, 180, 188, 
195 

Vernier measuring instruments, 
111 

Vernier protractors, 113 

Vertex, 83 

Vertical line, definition of, 79 

Vinculum, 70 

Volume, of cone, 97; of cylinder, 
97; of parallelepiped, 96; of 
pyramid, 96, 97; of sphere, 98 

Worm, dimensions of, 194 

Worm gearing, 193 

Worm wheel, dimensions of, 194 



SOLUTIONS AND ANSWERS 



1. 


5,7. 


EXERCISE 1 
2. 2, 29. 3. 2, 2, 2, 3, 5. 


4. 3, 41. 


6. 


3, 3, 41. 


6. 2, 2, 3, 5, 7. 7. 37. 


8. 29,29. 


9. 


27, 59. 


10. 39,41. 11. 83,99. 


12. 81,97. 


13. 


99, 99. 







EXERCISE 2 

1. 3. 2. 2-125-8+200-24 = 2+200-125-8-4=202- 

157=45. 3. 2+8X3-7X9+100-^2=2+24-63+50=13. 



4. 525. 



1. 

6. 

9. 

10., 

1. 

2. 
3. 
4. 
6. 
6. 
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6. 25. 6* 2. 

EXERCISE 3 
2. 2* 3. 2-5^' 

EXERCISE 4 

4 12, 5, 4 



7. 8. 8. 4. 



4. 15ff. 

8. M=l*- 



6- H- 

45. Arts. 



L.C.M. =4X3X5X1=60. 



3,5,1 
i+2i+|+f +17 = H+2f*+H+**+17 = 19J^= 23^r 



M + A^ ~ ITTF +^sV ~ T5TF* 



8. 
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16247 
9073 




1 
1 

1 
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9073^-211 43 

16247-^211" 77' 



u 
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«. 7TVr 
11. af+^=i^=lf 



10. f+«+A+H= 



fi. 




\^? 



8. 

9. 

10. 
12. 



7" 

3S 



7" 



3' 
79 



'^ 



If 



Fig. 4S 

Xn •_<) 7 y 



13. 



= 1^"'- 



Fia. 5S 



97»_ 1 33<r 



28<r 



EXERCISE 6 
3 2 ^ X 4 

1. 6>ea^^a>a€L^_ 2. ^8XY^^ . 

3 
5. 7. 6. 36. 7. 1. 



-^ 



7X8-3+856-3+8 ^61^ 
8+3X9-5 8+27-5 30 ^^' 

7X11-102+7X4 77-102+28 ^ 3 1 
8+7X3-17 " 8+21-17 12 4* 

^- 11. 5H- 



7X4+6-9-^3 ^ 28+6-3 ^31 . 
8-^2+4 4+4 ^^8 *' 



13. 1773*. 14. 88J. 15. 7Xif''+2xi'=W+l'=5H'- 

16. T^ofafoot=AX12=10^'. If ^ is turned, ^ is unfinished 
i<rflOJ-'=iXA^''=f''=l|'- li inches. An«. 



..■1 



SOLUTIONS AND ANSWERS iii 

EXERCISE 6 

fX8 6 ^' 9X12 108' 

- 15f_i^X12_189 

3- l6|-^X12-200' *• ^^^' 

EXERCISE 7 
1. tV- 2. 6. 3. IH- 4. -^ 

7. J-5-¥=ixA=i- 

8. 34f-i-46f=-4^+ii^=iFXTf^=Hi- 

K 7 » /'Avi''^ K 7 » 3«f J. II*' 

3^ ^ j^^^^ =giY^=^-^=4H-x|=H-x|=T^-> 



EXERCISE 8 

Q \5viii- TsT -^^ - n? - ¥•. 

6. i. 7. *a- 8. H^=^. 2V^««. 

A2 

11. 47^ X— 

494|f . Ans. 

EXERCISE 9 

1. 338.9158. 2. 4000.0004. 

3. 4.675+.4+.045+.87+18.11 = 24.10. 4. 12.080. 



IV 
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6. 

9. 

10. 

11. 



11.78509. 6. .0782. 7. 34.202. 
1.872''+.7165''-1.03r = 1.5575'. 

.9025'-.502'+.80r-.502' = .6995^ 
1.125" .904' 



8. .999'. 



.183'H- 



= .8315'. 



'"9 



■AJWi- 



■H 



k-.«/^^ 



'ASS^'- 



12. A=4.904'-.817'-1.555'+ 
.615' -2.742' = .405'. 

? = . 817' -.405' =.412'. 



K- 



ascf"- 



^ 



Fig. 13S 
13. 2.5845'. 14. 5.503' - (4 X. 241') ^^ ^^^^.^ ^^^ ^^^^^.^ 



16. 20.187. 
20. 16.677. 



17. .0057. 18. .0894. 19. 59.31. 

.934 = .985+ .87 - .934 = .921. 



21. ^!^ ^' 



22. 



9.06 X 



18-2 
9-06 



.054X 



18-2 



0-06 

23. .624' Am. 




6.7 ' 100 
13.2 
'' .0786* 

24. iXl.l25''-4X 1.125'=. 0625'. 

3875 -^ 125 31 



25. .5384. 26. .3875= 



30. 



33. 



Fig. 17S 
17| 
23f 
14 X. 8 



27. 



29. 



18.6 1860-4-93 20 

47.43 ""4743 ^93 "51* 

4444 

or .51233. 



10000^125 80 
28. .5456. 



8.674 
iH=. 74497. 31. 2.2043. 



32. 1.6667. 



34. 2.5548'. 



17.4-^6 18 
11.2^ ? 
"18 



2.9 

11.2X ^ 69.51 

2.9 X^ 18 
69.51 Am. 



SOLUTIONS AND ANSWERS 



EXERCISE 10 



1. 



434608 
1738432 
3476864 



54326=2 
64832 =5 

10=1 



62541 = 
54515=2 





3522063232= 1 

68952=3 
3. 48896 =8 

551616 24=6 
3309696 
6619392 

3371476992=6 

70425=0 
998=8 



6. 



6. 



312705 
938115 
2814345 

3409422615=0 

712653=6 
560749 =4 

4988571 24=6 
34919997 
39908568 

399619457097 = 6 

40365=0 
499 = 4 



70425000 
140850 

70284150=0 



20182500 
40365 

20142135=0 



7. 



7241.3125=^=:^=:5?2il = .07241X32 



.07241 = 5 
32=5^ 

14482 25=7 
21723 



3125 .03125 ^ 



8. 4 |965200 
241300 



2.31712=7 



EXERCISE 11 

1. 1.36=1%, then 17=12 J%. 2. 258f lb. of copper. 

3. .4%. 4. 44. 5. 2883.91b. 6. i of l|% = f%; 
1% of 2200 lb. =^^^^^' = 8.25 lb. 

7. $.0095=1%; $2.25-$0.95=$1.30=Increase in price; 
$1.30-^.0095=136.8%. 

8. 2500 parts in 24 hours equals 104^ parts in 1 hour. 
1500 « " 10 " " 150 « « 1 « 

This makes an increase of 45f parts in 1 hour. 

If 104^ equals 100%, 45f equals 44%. 44% increase. Am. 



vi SHOP MATHEMATICS 

9. 12|% of 96 is 12; 12 is 33^% of 36. 10. .0096'. 
11. A=.750375^ B = . 749625'. 

EXERCISE 12 

1. 42-(9+6)+2 = 42- 15+2 = 44-15=29. 2. 8. 

3. 46. 4. 107. 5. (16-2)(17+9) = 14X26=364. 6. 4. 



A- 



^' ^V2(4+3)/ 16 ^W 16 14 "^ ^ 

8. 2+ { 14-(6+2) } { (6+2) (18+2) -90} -6-t-2=2+{ 14-8} 
{(8)(20) -90} -3=2+6(160-90) -3=2+6X70-3 = 
2+420-3 = 419. 



1. 



EXERCISE 13 

3(2+B)+ABC-3 3(2+2)+6X2X8-3 



CD-(BC-A)+3B 8X8-(2X8-6)+3X2 



12+96-3 ^105^7^ 3 



64-(16-6)+6 60 4 

2. 10825^ 3. 282.744 cubic inches. 4. .054125". 

5. 1.1686^ 6. 4. 7. l^^^''. 8. 76.9692 cubic inches. 




tgr-r-7)(T7[^'^ 



Fig. 29S 



4 X.5__ J 



^' X=5 — T=r 

8~ 4 

A = .7854(1)2(1.750) = .1932 cubic inch. 
B = .7854(|)2(.5) = .1534 cubic inch. 
C = 1.0472(^^)2(1) = .0852 cubic inch. 
D= 1.0472(i)2(^) = .0054 cubic inch. 

Volume=A+B+C-D=.1932+.1534+.0852-.0054=.4264 
cubic inch. 

10. 2.298'. 11. 2.348'. 12. .100. 



EXERCISE 14 

26X^=14? teeth. 2. 7xJ? = &h\ revolutions. 

^ X xJ = 35 revolution. 4. A = 37 teeth ; B = 55 teeth. 



A= 4^ revolution _A=}-| teeth. _ II 



B = -J-^ revolution B = 
^=^, A =78 teeth. 



teeth. 



,7 _ 77 teeth i 
4~72 " ' 



B. 



53 



2597 1 
1537 1 
1060 2 
9544 
106 2 
106 



1537^53 _ 29 
2597 ^53 "49 
29 teeth and 49 teeth. Am. 
8. U=TT = M-X=35 teeth. 9. 3X12X.200'=7.2'. 

EXERCISE 16 
1. After factoring (A= 1739 = 37X47; B= 1541 = 23x67) and 
placing in proper compound order the following seta of compound 
gears are formed. 



C=37; 
0=37; 

C=47; 



D = 23 


E-47 


D = 67 


E=47 


D = 23 


E=37 


D = 67 


E = 37 



F=67. 
F=23. 

F=67. 



C=47; 

2. C and E are the factors of A ; therefore, if A = 4753 and C = 49, 
E must equal iJ4^ or 97 teeth. 

D and F are the factors of B; therefore, if B= 1333 and F=43, 
D must equal ^ H ^ or 31 teeth. 

3. After obtaining suitable factors 

/X_36Q_ 4X9Q _ (25X4 )_X90^ 1Q0X90 \ 
\Y 47 1X47 (25X1) X47 25X47/ 
and placing in proper compound order, the following sets of com- 
pound gears are obtained. 



vm 
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4. After factoring (1092=28X39; 1224=24X51) and placing 
in proper compound order, the following sets of compound gears 
are formed. 



A=28 
A=28 
A=39 
A=39 



B=24; C=39; D=51. 

B=51; C=39; D = 24. 

B=24; C=28: D=51. 

B=51; C=28; D=24. 



5. 36X42 _63_ 9X7 ^ (4X9)X7 (4X9)X(2X7) 

88XC 187 11X17 (4X11)X17 (2X4X11)X17 

(4X9) X (3X2X7) 36X42 



(2X4X11)X(3X17) 88X51 



C=51 teeth. Ans. 



6. After obtaining suitable factors 

/X_ 71 _ 1X71 _ (3X1)X71 _ (7X3X1)X71 2lX71 \ 

\Y 403 13X31 13X(3X31) (7X13)X(3X31) 91X93/ 

and placing in proper compoimd order, the following sets of com- 
poimd gears are obtained. 



A=21; B=91; C=71; D = 93. 

A=21; B=93; 0=71; D=91. 

A=71; B=91; C=21; D=93. 

A=71; B=93; C = 21; D = 91. 

_ A 35X64 (35-^5)X (64-^8) 7X8 56 , ^^ ^ ' 
7. :^ = ^,. ■ .^ = Tr: — — :rr=- — ==—> A= 56 teeth; 



B 25X40 (25^5)X(40-h8) 5X5 
B= 25 teeth. Ans, 

8. 6^><g>^|^8 0322 revolutions. 

1 17 26 

9. If A' makes 203 revolu- 
tions while D' makes 121 revo- 
lutions, A' must have 121 teeth 
and D' 203 teeth. After obtain- 
ing suitable factors 

A' 121 11X11 



25 



/A/^121^ 
\D'"203"" 



.D' 203 7X29 
(3X11)X(2X11) 33X22 



) 




(3X7)X(2X29) 21X58/ Fig. 60S 

and placing in proper compound order, the following sets of com- 
poimd gears are obtained. 




10. 8 inches is equal to 40 teeth in rack. When rack moves 40 
teeth, X will make 40-i-20 or 2 revolutions. When A makea 4 
revolutions, X must make 2 revolutions. The number of revolutions 
inverted equals the number of gear teeth. Thus, A=2 teeth and 
X=4 teeth. A must be multipUed by 15 to equal 30, therefore X 
must be multiplied by the same number. X = 4X15 or 60 teeth. 

EXERCISE 16 

2. 8.5X4-°= 1.21428'. 

8. 1.703-i-|'' = 11.92r. 

4. While A makea 5^ revolutions, the sere 
or -^^ revolution. One revolution of screw n 
■y^ revolution will move it ^Ki' = \W = 

6. Screw must make 4.362-^^ or 21,81 revolutions to move 
shde 4.362'. While screw makea 21.81 revolutions, A will make 
21.81X^ or 27.2625 revolutions, 

6. While A makes 1 revolution, B will make 1? or 



' will make HXfl 
ives shde ^'; then 



7. While A makes 2 revolutions, B will make 2X^5^35 '"' 
7,0153 revolutions, 

8. While B mitkes 2 revolutions, A will make 2xf-jXfT 
or ,57017 revolution, 

9. B must make .355-i-i or 1,775 revolutions to move sUde 
,355', While A makes 1 revolution, B makes 1.775 revolutions, 
therefore A must have 1775 teeth and B 1000 teeth or A= 
71 teeth and B=40 teeth. Proof: i^X^'=.35d'. 

10. While crank makes 1^ revolutions, the worm wheel will 
make ifXfJXs^ or ,03108 revolution, 

11, Wliile A makes 1 revolution, B will make IXYXj^ 
31.641 revolutions. 




X SHOP MATHEMATICS 

EXERCISE 17 

1. 1.0993. 2. 28. 3. H- ^ ^^~i^X^=$5.08. 

Q 52 

6. 23''XTT^=17.75^ 6. U- 7. lOOX 14=186.2 revolutions. 
4.56 

8. 72X|f =48 teeth. 9. .236''xf =.236'XiXf=.2294'. 

EXERCISE 18 

1. $12.50XiXf =$26.25. 2. 7 Xi^XM= 3.59 hours. . 

3. 45XiHXi=47.04 pounds. 4. SA^x^XiXi= 

51347.5 pounds. 6. 1000X^X^=6000 revolutions. 

6. 100XfiXM= 400.8 revolutions. 7. 5X|iXi"'=.93896^ 

8. 50X ffl = 104.34 revolutions. 

9. 6Xf^XH= 8.9516 revolutions. 

EXERCISE 19 

1» While A makes 1 revolution, the table is elevated .250" Xf 
or .100*. If one revolution elevates it .100", to elevate it .001' 
will require .001-^.100 or .01 of a revolution. Therefore, the collar 
must have 100 divisions so that each division will cause A to revolve 
.01 of a revolution. 100 divisions. Ans, 

2. While A makes 1 revolution, the slide moves 1 X .01 X .1' or 
.001*. If 1 revolution of A makes the slide move .001 of an inch, 
to move it .0001 of an inch would require .0001 -5- .001 or .1 of a 
revolution. Therefore the collar A must have 10 divisions so that 
each division will move it .1 of a revolution. 10 divisions. Ans. 

3. One revolution of the cross-slide screw moves the slide .250". 
If collar A has 125 divisions, each division will move it .002*'. When 
the slide moves .002*, the diameter of the shaft is reduced .004". 
If one division on the collar reduces the shaft diameter .004", to 
reduce it .018* it must be revolved .018-5- .004 or 4.5 divisions. 
4 J divisions. Ans. 

4. While A makes 1 revolution, the slide moves .0375". If 1 
revolution of A moves the slide .0375*, to move it .0005" would 
require .0005-5- .0375 or j\ of a revolution. Therefore, A must have 
75 divisions so that each division will move it ^^3^ of a revolution. 
75 divisions. Ans, 



SOLUTIONS AND ANSWERS 

5. While A moves 3 notches, the screw makes ^Xa-| or ^ 
of a revolution. Since 1 revolution of the screw moves the table 
I", ^j of a revolution will move it |*X^ or .048". Ans. 

6. While the rack moves 1 inch, C makes I revolution, and D 
makes 10 revolutions, because each revolution of D moves the 
rack .100'. When D makes 10 revolutions, A makes lOX^ or 2^ 
revolutions; therefore, while the rack moves 1 inch, C makes 1 
revolution, and A makes 2§ revolutions. 

If we know the number of revolutions the simple gears (A and C) 
must make, the numbers of teeth in them are obtained by inverting 
the number of the revolutions. Thus, if A makes 2^ revolutiona 
while C makes 1 revolution, A must have 1 tooth and B 2^ teeth. 
B must be multiplied by 24 to obtain 60; therefore, A must also 
be multiphed by 24 to keep the ratio the same. Then A equals 
24X1 or 24. 24 teeth, dns. 

EXERCISE 20 

1. 2J3. 2. 1010. 3. .750, 4. 47.138. 6. .06. 
6. 3.00001. 7. 28.536. 8. / 32T 
\ 16.07' 



V1.99751 = 1.4133. 



EXERCISE 21 

1. 175,5 minutes or 2 hoiu^, 55 minutes, 30 seconds. 

2. yX^*"'^''-^^-^-^- ^- 120revolutions, 

4. 21.48R.P.M. 

5. 5342 feet per minute. 6. 15.71 feet per minute. 

7. 4^X^=3818 R.P,M.; B = 10'X^^=2.383'. 

8. When spindle makes 1 revolution, the spindle feeds 

lXHXfXHXTiiiX12X.3142-=^^|^=.0163'. 

To have a cutting speed of 60 feet per minute drill must make 
^^X|f or 114.5 R.P.M. To drill a hole 5' deep by using a feed of 
.0163', drill must make 306.7 revolutions. For the drill to make 
306.7 revolutions at 114.5 R.P.M. it would take 2.67 minutes. . 

9. To have a cutting speed of 60 feel per minute, a3. 750* shaft 
must make ^7^ X }} or 61 + revolutions. The cutting is not to 



Xll 
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exceed 60 feet per minute; therefore, the lathe would run at 44 
R.P.M. on first cut. By using a .OSO" feed the lathe would have 
to make ^!?lV or 341.6 revolutions to finish the first cut on the 
shaft. At 44 R.P.M. it would take ^^^ or 7.76 minutes to reduce 
shaft to 3.5*. 

The lathe would have to make 65+ R.P.M. to have a cutting 
speed of 60 feet per minute on a 3.5' shaft; therefore, on the second 
cut the lathe would also run 44 R.P.M., and the cutting time would 
be 7.76 minutes to reduce the shaft from 3.5' to 3.25'. 

The lathe would have to make 70+ R.P.M. to have a cutting speed 
of 60 feet per minute on a 3.25' shaft; therefore, on the next cut 
the lathe would run at 68 R.P.M. By using a .030' feed the lathe 
would have to make 208.3 revolutions to reduce both ends of the 
shaft to 3'. At 68 R.P.M. it would take 3.06 minutes to do this. 

The total time on shaft would then be 7.76+7.76+3.06 or 18.58 
minutes. 

45 
10. Crank must make ^r-rxXj^ or 42.95 R.P.M. for tool to have 

a maximum speed of 45 feet per minute. While crank makes 42.95 
R.P.M., A wiU make 42.95 Xfi or 214.75 R.P.M. 



EXERCISE 22 

1. ? = 180^ - 123° 14' = 56° 46'. 

2. ?=180°-(40°+58°+3r) = 5r. 

3. ? = 32°-25°+7°=14°. 4. 90°-37°=53*. 



6. A =90° -50° =40°. 

?=70^*'-40° = 
30^°. 





6. ? = 64°+59°=123^ 

^ „ 180°-50° ^,, 
i^ 7. ?=— 2 ^^• 

Fig. llis 

8. A=60°-29°=31*. 
B=60°. 
? = 180° - (60°+31 °) = 89^ 



Fig. 118S 



SOLUTIONS AND ANSWERS 

EXERCISE 23 
1. 5.674"'X3.1416= 17.826'. 



Xlll 




1. 
3. 
5. 



Fig. 124S 
133°. 




3, A= 180**- (40^+32°) = 
108^ 

180°- (54^+32°) =94^ 



B 
? 



•^ 




Fig. 126S 

A= = 55°. 

? = 64°-65° = 9°. 




Hi 

Fig. 127S 

6. B = 24°17'. C = 24°17'. 
D = 24° 17', because it is an 

opposite angle to C. 
A=90°-(24°17'+3°17') 
=62° 26'. 



EXERCISE 24 

1.375"'X 1.4142= 1.9445'. 2. 3.5' -M .4142 =2.4749'. 
1.125'X 1.1547 = 1.29903'. 4. 1.700'-5- 1.1547 =1.4722'. 
180°-2(128°-90°) = 104°. 



6. The sum of the interior angles = (6 - 2) 180° = 720°. A = 
720°- (44°+300°+42°+142°+72°) = 720°-600°= 120°. 

7. X=3.1416'-^10= .31416'. Circumference of small gear= 
1.2'X3.1416. Then (1.2'X3.1416)-^ .31416' =12, the number of 
teeth in the small gear. 
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EXERCISE 26 



1. A=f'Xf'-^lT^'=.2976'. 
?=1t^'+.2976'= 1.6101'. 




Fig. 148S 




A=H^=57i^ 

B= 180°-(57^°+82°) =40i°. 

C=40j°-32^°=8°. 

Fig. 149S 
3. ?=16''+12'-8'=2(r. 4. ?=2(180°-80*'-26°) = 148^ 

EXERCISE 26 

1. 10' X 5.4" =54 square inches. 2. 45.36 square inches. 

3. 10.455 square inches. 4. 34.16 square inches. 

3 l»_l_9^2* 
5. — — X4.1' = 25.215 square inches. 



U-A--»J 




6. 103.869 square inches. 

7. 7rR2= 12.76 square inches. 

IT 



Fig. 169S 

8. B=Vl28= 11.313*. 

9. X = ^ = 32 square inches. 
Y = 2 X 32 = 64 square mches. 
A= V64 = 8''. 



R=V4.06162= 2.015*. 
Diameter= 2X2.015''=4.030'. 




Fig. 170S 



SOLUTIONS AND ANSWERS xv 

10. Area of a 14' square = 196 square inches. Area of a 14' circle 
= 153.9384 square inches. The difference =42.0616 square inches, 
and the area of A =42.0616-:- 4= 10.515 square inches. 

11. 4X6''X6'X3.1416=452.3904 square inches. 

EXERCISE 27 

1. 7'X5'X7.3'=255.5 cubic inches. 2. 126.9632 cubic 

inches. 3. 3.rx3.rx3.1416X7.r= 214.354 cubic mches. 

4. 103.90842 cubic inches. 5. i(4''X7.r) (i) (5.2') = 24.613 
cubic inches. 6. 4'X4'X3.1416X JX6.2'= 103.882 cubic inches. 

7. ?^^' X 6' X i X 4.2' = 25.2 cubic inches. 

8. tX7'3x3.1416= 1436.7584 cubic inches. 

EXERCISE 28 



1. C= Vl0.112+6.722 = 12.139. 2. C= VlP+ 142=17.804. 
3. A= V7.22-- 6.42 =3.2984. 4. B= V8.042-. 3122 =8.0339. 
5. A= VIO.72 -5.6612 =9.0798. 



6. ? = 2 V22 - (1)2 = 2 X V3.234375 = 3.5968'. 

7. ? = (lf+li)-V(lt)2-l = 2.625'-.9437'= 1.6813'. 

8. ?=Vl2-. 52 =.86603'. 

9. ? = .375+ .250+ V(4.5 - .500 - .250)2+ (3.750 - .500 - .375)2 
= .625+ V22.328I = .625'+4.7252'= 5.3502'. 




10. ?= V 3.252+72 

?= V lO.5625 +49 

?= V59.5625 
?= 7.7177'. 



Fig. 193S 

11. 2.600+ 1.62- V2.62+ 1.622= 

4.22- V 6.76+ 2.6244= 

4.22-V9.3844 = 

4.22' -3.0634'= 1.1566'. Diameter. 
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12. B= V.8^-.25( y= 
V.64-.0625= 



a/.5775= 
.7599'. 
?=.8'+.7599' 
1.3099\ 



-.250'= 



13. 




Fig. 196S 
14. ?= -#+272=6.5795'. 




Fig. 195S 

A=4'-.9' = 3.r. 
B=4'-Hl=4i'. 

C= VA2+B2. 

C= V3.12+4!87P'= 

V9.61 +2 3.7656= 

V33.3756= 5.7771'. 

?=5.7771'+.9'+.875'= 
7.5521'. 



15. A = V72+72= 9,8994'. 
B = 9.8994' -7' =2.8994'. 
C=2B = 5.7988'. 
D= 1.4142'X2.8994'=4.1003'. 
?=2X4.1003'-5.7988'= 
2.4018'. 




Fig. 198S 



EXERCISE 29 



7 912_K Q2 

X=4.1'- 1.0472'= 

3. 0528'. 
?= V5.92- 3.05282= 
5.0488'. 



, ,.m^.^. 




Fig. 204S 



SOLUTIONS AND ANSWERS 



xvii 




I— A 



14 72 — 108* 

2X6.05 
?=8.219'--3.025'= 
5.194'. 



Fig. 205S 



EXERCISE 30 



1. 44^ 2. 



180* 



8 



=22J^ 3. 17' 56' 42'. 4. 79' 22' 45'. 



5. 26' 37' 23' =26' 37*^' =(26^^) =26.623' 




Fig. 216S 

6. X=^X180'=77|'. 
Y=fX180'=45'. 
A=X--Y=77|'-45* 

= 32|'. 
A=32'8'43'. 




Fig. 217S 

7. B=90'-41'7'=48'53'. 
A =180' -(101 ' + 48' 53') 
=30' 7\ 



8. 168'=^ or^oisL revolution; 172'=^ or |J of a revo- 
lution. By inverting the revolutions and calling them gear teeth^ 
A=^of atoothandB=^of a tooth. By multipljdng both by90, 
A=43 teeth and B = 42 teeth. 



9. 123'XM = 159.567'= 159' 34' 1'. 
10. Circuinference=3.1416X6.35'= 19.949'. 



3.271 

19.949 
3.271 



= part of 



the whole circle that eauals. ^=360'X . '^.^ = 59.028' or 



19.949 



59' r41'. 



ZVIU 



SHOP MATHEMATICS 



360° 
11. Circumference = 1 .865" Xt^^t? 

Diameter=i^f??|=3.4339\ 
3.1416 



= 1.865'X^= 10.788 



EXERCISE 31 

1. A =1.317'' -.892" = .425". 



Q 



ii i iii ii i ii ii iii ii iiiii iiiiii i ii ii iiiiiliiiiiiifiiirmrmTrrrrrrfr 



MiiSidr 



rmrn ' M f i i i ii iii i i i ii i iiii i i i imu iii i i 

•. • i« / t # « # |# r » 




Fig. 229S 



2. X = 2.575" -1.725" = .850". Y=7X.024" = .168". B = .850"'+ 
168" = 1.018". 



3. C = 2.545" - .892" = 1 .653". 

4. D = (1.300"-. 150")-(14X.024") = .814". 
6. B = (1 .350" - .475") - (.024" X7) = .707". 
8. B = .289". 



6 A = 1.014'. 
7. A=.284^ 




Fig. 232S (a) 



9. A -26° 54'. 

10. X=53°. Z = f§°. 

Y= 14XH°= 14X58'= 13° 32\ 
B=53°-13°32' = 39°28'. 



SOLUTIONS AND ANSWERS 



XIX 



11. 
12. 



6. 
7. 
8. 




Fig. 232S (b) 
C=42*» 15'. 

X = 55°. 

Z = ^° = l|i°=r55'. 
Y=5X1**55' = 9**35'. 
D = 55**-9°35' = 45**25'. 

EXERCISE 32 

1 764 fiS7 

? = .60rx-^ = 1.1611\ 2. ? = 3,1416X^ =2.1583. 
.V7I0 1 




3. A= V.752+.52=.90138^ 
? = .90138'' X -37:: = 2.4036*. 



.750 



1.1 



Fig. 2423 



4. ? = . 875 X;r^ = .416666. 



1 ^^ 
?=.4X^ = .61079'. 

? = 8.1'Xi = 3.6\ 



6. ?=rx 



.8571 



= 1.1667'. 



A= V2.412 + 1.322 = 

2.7478. 

1 71 
? = 1.32''X: 



2.7478 



.82145*. 





Fig. 247S 



!T 



--^^^ 



Fig, 248S 
8. A=2.904''-2.112' = .792\ 



?=.792'X 



12 



2.964 



= 3.2064^ 



SHOP MATHEMATICS 




Fig. 249S 

10. = 1.4142X5.4' = 
7.6366^ 
D = 7.6368'+5.4'' = 

13.0366*. 
E = 7.6368*' -5.4' = 
2.2366'. 

2.2366 



?=10.8'X 
1.8529'. 



13.0366 




Fig. 250S 

11. A= V1.3642-. 81252 
1.0956'. 

C = 1.0956' X 



1.364 
.60402'. 
? = . 752' -.60402' = 
.14798'. 




Fig. 251S 

12. C=V92+3.12 = 9.5189'. 
A=9.5189'+3.1' = 

12.6189'. 
B = 9.5189'-3.1' = 
6.4189'. 

'— xss- 

3.1537'. 




Fig. 252S 

13. A = 2.602'xM= 1.5612', 

J.5 

B = 2.400' -1.5612'= 

.8388'. 

?=. 8388' X^=. 50328'. 
2.5 



SOLUTIONS AND ANSWERS 



EXERCISE 33 




Fig. 258S 



1. A=1.18''-.7'' = .48'. 
B 



.48''Xr3 = 
It 



12 23.04" 



= 3.2914" = taper per foot. 



I 



J2Z 




Fig. 259S 



2. A= 



.4375' or taper per foot. 
3.625 1.5859" 



A 

B = .4375"X 
? 



12 12 

2.375"-.1321" = 2.2429". 



= .1321". 




Fig. 260S 



3. A=lf"-|" = 

— A4 8 — 



4" = i" 



? = 



i 



2Xf = 1.5". 



4. A=3f"-lf"=lf". 

B = lf"X7| = .7169". 

? = 1.750"+.7169" = 
2.4669". 




Fig. 261S 



SHOP MATHEMATICS 




5. A = 1 .250' - .760" = .49(K. 

B = 1.3125''-.620' = 
.6925^ 

• ^^ ^ .490 ^•^'^^ • 



Fig. 262S 




Fig. 263S 
& A=2f*'-J*'=l|^ B = 2f*'--li*' = li^ 

C = 12.5*'XT4=8.9285^ 

If 
? = 8.9285'+2.750' = 11.6785*. 

7 A — 1* 3»_ 5«f 



Iff 



8 



B = 5|''X^ = .0846^ 



8 



K one revolution of screw 
moves gib ^ of an inch, to 
move it .0846*' would require 
.0846-4-3^ or 1.0152 revolutions. 

u- /^ 




Fig. 264S 




I 



1 

T 



8. ?=|X5|=.0156". 




^^ 



Fig. 265S 



1. 
3. 
5. 
7. 
9. 
11. 



EXERCISE 34 

A = 10 X .25882 = 2.5882. 2. B = 10 X .96592 = 9.6592. 



A = 8X1.0075 = 8.06. 
A=2.175X1.7434--3.7919. 
A =4.6947 ^10 =.46947. 
A=2.3877■^ 2.025= 1.179. 
A, E, I. 12. B, D, H. 



4. B = 8X.12278=.98224. 

6. B = 2.175X1.4281 =3.1061. 

8. B = 8.8295-^ 10 =.88295. 
10. B = 1 .2654 -^ 2.025 = .62488. 
13. C, F, G. 



SOLUTIONS AND ANSWERS xxiii 

EXERCISE 35 

1. Sine. 2. Cosine. 3. Tangent.. 4. Secant. 

5. Cotangent. 6. Cosecant. 7. A— secant 23° = 1.0864. 

8. B = tangent 23° = .42447. 9. A = sine 29° = .48481 . 

10. B = cosine 29° = .87462. 11. A = cosecant 20° 3' = 2.9168. 

12. B = cotangent 20° 3' = 2.7400. 13. A = secant 46° = 1 .4395. 

14. B=tangent 46° = 1.0355. 16. A=sine 59° = . 85717. 

16. B= cosine 59° =.51 504. 17. A = cosecant 16° = 3.6279. 

18. B = cotangent 16° = 3.4874. 

EXERCISE 36 

1. A =4.3 (secant 16°) =4.3X1.0403=4.47329. 

2. B = 4.3 (tangent 16°) =4.3 (.28674) = 1.23298. 

3. C=4.3 (sine 16°) = 4.3 (.27564) = 1.18525. 

4. A = 1 .760 (cotangent 31 °) = 1 .760 (1 .6643) = 2.929168. 

5. B = 1.760 (cosecant 31°) = 1.760 (1.9416) =3.4172. 

6. A= 1.01 (cosine 42° 11') = 1.01 (.74100) = 7.4841. 

EXERCISE 37 

1. 2.3428 = cosecant 25° 16'. 2. 2.7450= tangent 69° 59'. 

3. 3.1379 = secant 71° 25'. 4. 2.4525= cotangent 22° 11'. 

6. 1.1699 = secant 31° 16'. 6. .76754 = sine 50° 8'. 

7. .52646 = cosine 58° 14'. 8. 3.0595 = tangent 71 ° 54'. 

EXERCISE 38 

2 170 
1. Cotangent A = -^^— = 2.89333, A = 19° 3' 59' ; or tangent A = 

4 

3 lo 021 

-^=.345622, A=19°3'59^ 2. Secant A =--^ = 1.14485, 

10 5 
A =29° 8' 8*^; or cosine A= rjr^ = .87347, A =29° 8' 8^ 

3. A= .375'' (cotangent 17|°) = .375''(3.1716) = 1.18935^ 




Fig. 314S 

4. B=.375'(cosecant 17^°) = . 375^(3.3255) = 1.24707^ 



XXIV 



SHOP MATHEMATICS 




Fig. 315S 



1.5 
6. Tangent of ^ the angle = -j- = 

.375; ^ angle = 20^ 33' 21'; or 
cotangent of J the angle = 

-^ = 2.6667; ^ angle = 
1.5 

20° 33' 21". 

? = 2(20° 33' 21") =41° 6' 42*^ 




h- — - — 9.1- H 



Fig. 316S 

6. C = 6.2*'(cotangent 40° 2') = 6.2''(1.1903) = 7.37986'. 
D = 9. r~ 7.37986*' = 1.72014*. 

1 72014 
Cotangent A = TL = .27744. A = 74° 29' 38'. 

7. B = 6.2;(cosecant 74° 29' 380 = 6.2*'(1.03778) = 6.4343": or 

B= V d^+6.2 2= Vl. 720142 +6.22= V2.9589 +38.44 = 
V41.3989 = 6.4343". 




Fig. 317S 

8. ?=3.25" (cotangent 27° 
3r) = 3.25"(1.9196) = 
6.2387". 




Fig. 318S 

9. R = .850"(tangent 30*) = 
.850"(.57739) = 
.49074". \ 
Diameter = 2(.49074") = 
.98148". "'^^ 



SOLUTIONS AND ANSWERS 



zxv 




Fig. 319S 

10. A = 1.200''-. 742*' =.458^ 
B = .375'(cosecant 45**) = 
.375''(1.4142) = 
.53033^ 
? = .458''+.53033''+ 
.375*' = 1.3633'. 




Fig. 321S 

12. A = l*'(tangent30°) = 

.57735\ 

13. = 1.4375' -.57735*'= 

.86015' 
D = .375*' (cotangent 
30°) = .375' XI. 7321 
= .64954\ 

B = . 86015'+. 64954'+ 
.375'= 1.8847'. 

16. = 1.125'. 

A = 1.125' -.250' =.875', 
D = 1.125'(sine60**) = 

1.125'(.86603) = 

.97428^ 

16. B = .97428'+.1875'- 
.125' =1.03678'. 



-"?^ 



•^.ars'- 



Fig. 320S 

11. Ootangent A = - — = 

.475 

1.8421. 

A =28° 29' 45'. 

? = 2(28°29'45') = 

56° 59' 30'. 




Fig. 322S 

14. A = 15' -.750' -.4375' = 
13.8125'. 
B=A(sine62°l') = 

13.8125'(.88308) = 
12.1975'. 

?= 12.1975' -.750'- 
.9375' = 10.510'. 



■jMg2M. 




XXVI 



SHOP MATHEMATICS 



EXERCISE 39 

1. Tangent A = 1.75-^3.45 = .50725. A =26° 53' 47". 
Cotangent A= 3.45 -^ 1.75= 1.9714. A=26** 53' 47'. 

2. X = 3.45(secant 26° 53' 47'') =3.45X1.1213 = 3.8685. 
X=1. 75(cosecant2 6° 53' 470 = 1.75X2.2106=3.8685 

X= V3.452+ 1.752 = 3.8685. 

3. Sine A = 2.67^-4.006= .66650. A=41'* 47' 52^ 
Cosecant A = 4.006 -^ 2.67 = 1 .50037. A = 41° 47' 52^ 

4. X=4.006(cosine 41° 47' 52') =4.006 X. 74551 = 2.9864. 
X = 2.67(cotangent 41° 47' 520 = 2.67X1.1185 = 2.9864. 

X= V4.0062-2.672=2.9864. 

5. Cosine A = (5.62*'-10-5-(6.0r-10 = .92215. 
A=22°45'27\ 

6. X = r+(5.62'^-r)(tang ent 22° 45 '270 = 1 '^ + 4.62*^ X .41949 

=2.938^orX=r+V(6.01-l)2--(5.62-l)2 = 2.938'. 

7. Tangent A=(l.r +20 -^(8.52*'-2.500 = . 51495. 
A=27°14'47^ 

8. X= (8.52*' -2.500 (secant 27° 14' 470-1.5" = 

6.0 2*^X1. 1248-1.5' = 5.271 3^ or 

X= V(8.52-2.50)2+(l.l+2)2-1.5'' = 5.2713\ 

EXERCISE 40 




Fig. 332S 






Fig. 332AS 



Fig. 332BS 



Fig. 332CS/V 




V Fig. 332DS 

7 





-A ' 

Fig. 332ES 



Fig. 332FS 



SOLUTIONS AND ANSWERS 



zxvu 



EXERCISE 41 
1. X=7+3 = 10. 2. X=9-3.5=5.5. 3. X=180*'-84'*=96^ 





Fig. 339S 

CosmeZ = 6-^16=.375. 
Z = 67°58'32^ 
X=180°-67°58'32'' = 
112° r 28\ 



Pig. 340S 

5. Cosine Z= 2.5 -^4.5 =.55555. 
Z=56M5'4'. 
X=180°-(100°+56° 15 '40= 
23° 44' 56\ 



6. X= 



42-32 7 



2X6 12 



=— = .58333. 7. X=8-t 



142-122 



52 



2X16 =«+3-2=^-^2^ 



5.52-32 21.25 
9. X = 1.25+^^g=|^'=1.25+^^y^ 




10. Y= 



Fig. 345S 
92-72 81-49 32 




Fig. 346S 



2X11 22 
= 1.4545\ 
A=5.5'-1.4545'' = 
4.0455\ 

Cosine X= — - — = 

7 

.57793. 
X=54° 41'. 



22 11 Y ^^'~^' ^^"^^ 12- 
^^ ^^- ^- 2X15" 30 -^^• 

C = 12''-7.5''=4.5\ 

4 5 
Cosine A = -^=.5. A = 60°. 

X= 180° -60° = 120°. 



XXVUl 



SHOP MATHEMATICS 



EXERCISE 42 

1. X = 5.5(sine 30*^) = 5.5 X .50000 = 2.75. 

2. X= 21 -14.5 =6.5. 

3. X=8.5(cosine 27**) = 8.5 X. 89101 = 7.5735. 

4. X=7.2(cosme 42°) = 7.2 X. 74314 =5.3506. 




Fig. 356S 

6. A=8(8ine40°) = 8X 
.64279 = 5.14232. 
Tangent X = 5. 14232 -5- 3 = 
1.714141. 
X=59°44'27'. 




Fig. 357S 

6. D=9.2(cosine3r) = 

9.2 X. 85717 =7.8859. 
X= 7.8859 -7 =.8859. 




Fig. 358S 

7. Sine Z = 7.2-^ 8 = .90000. 
Z = 64**9'30^ 

X=8(cosme64°9'30'') = 
8 X. 43588 =3.487, or 

X= V82- 7.22 =3.487. 




Fig. 359S 

8. A=12.5(sine47«) = 12.5X 
.73135=9.1419. 
SineX=9.14194.9.5= 
.96230. 
X=74« 13'. 



SOLUTIONS AND ANSWERS 



XXIX 




Fig. 360S 



9. A=8'(sme50*»)=8'(.76604) = 

6.12832'. 
B = 8''(cosme 50*») ^ 8'(.64279) = 

5.14232'. 
C :« 9' - 5. 14232' = 3.85768'. 

Cotangent D=|^^= 1.58860. 

D=32** 11' 24'. 
X=6.12832'(secant 32*» 11' 24') = 
6.12832'(1.1816) = 7.2412'. 




Fig. 361S 

10. A=9(sine21°)=9X 
.35837=3.22533. 
Sine Z= 3.2253 4- 6= 
.53755. 
Z=32*»31'3'. 
X= 180** -32** 31' 3' 
147** 28' 57'. 




Fig. 362S 

11. A=1.9(sine50°) = 1.9X 
.76604=1.45547. 
Sine Z = 1 .45547 -^ 2.5 = .58219. 
Z=35« 36' 17'. 
X=180°-(130«+ 
35*^36' 17') = 
14** 23' 43'. 



EXERCISE 43 



1. X = 2.426(sine 30°) = 2.426 X. 50000 = 1.213. 

2. X = 8(sine 69°) = 8 X .93358 = 7.4686. 



3. X = 7.5(tangent 24°) = 7.5 X .44523 = 3.3392. 



SHOP MATHEMATICS 




Fig. 376S 

A « 10.5 (tangent 60*) = 
10.5X1.7320=18.186. 

X= 18.186 (cosecant 52**) = 
18.186X1.2690= 
23.078. 




^2/ 

Fig. 376S 

5. A =7.21 (sine 52**) = 

7.21 X. 78801 = 5.6815. 
X = 5.681 5(cosecant 81 *») = 
5.6815X1.0125= 
5.7525. 




Fig. 377S 

6. A=6.2(sine49*) = 

6.2 X. 75471 =4.6792. 
X= 4.6792 (cosecant 17*) 
4.6792X3.4203 = 
16.004. 




Fig. 378S 

7. A=21.75(sine43*17') = 
21. 75 X. 68561 = 
14.8914. 
X= 14.8914 (cosecant 72*») 
14.8914X1.0515= 
15.6583. 



8. B = 18*+31*=49* 

A=6(sine49*)=6(.75471) 

4.52826. 
X=4.52826(cosecant 18*) = 

4.52826(3.2361) = 

14.6539. 




Fig. 37QS 



SOLUTIONS AND ANSWERS 
EXERCISE 44 



2. X= 

3. X= 

4. Y= 



cotangent 48° 2' + cotangent 51° 
5.2658, 

472 ^^ 

cotangent 52°+ cotangent 62° 



cotangent 2r-cotangent 50° 2,6051 -.83910 
i^-2.6069' = 3.1931". 



-+2.6069' = 
_ 3.1931 




E=§(34°29'34') = 17M4'47-. 
F=i{61°3'58-) = 30°31'59-. 

R 11:6 

cotangent 17° 14' 47'+cotangent 30° 31' 59' 

11.6 11.6 

3.2229+1.6954 4.9183 * 
Diameter=2(2.3585-) =4.717-. 
6. A=8'(sme 59°) =8"(.85717) = 6.85736'. 




C=180''-(59°+64'' 27' 35') = 

56" 32' 25". 
D=28°16'12*. E = 29''30'. 



.7675+1.8595 
Diameter=2{2.2056')=4.4102\ 



SHOP MATHEMATICS 
EXERCISE 46 



^ i^ 



N^ 



A=7l'-5|'=lf'. 



cotangent 56"+ cotangent 72° 
A=.4375'(coseeant 14° 30') = 
.4375'(3.9939) = 1.74733'. 

D=.54687'(cotangent 14° 30') = 

.54687'(3.8667) =2.11458'. 
E=1.74733'+.4375'=2.18483'. 
7 = 2. 1848' ~ 2. 11458' = .07022'. 





R = .1094'(tangent 30°) = 

.1094'C.57735) = .06316'. 
" "IC.06316')". 12632'. 



4. C = .28125'{cotangent22'' 30') = 
.28125' (2.4142) = . 67898'. 
A=2.500'-2(.67899')+ 
.5625' = 1.7045'. 




Fig. 390S{a) 




S. D=.28125'(coseeaiit45'') = 

.28125-(1.4142) = , 39774'. 
E= .39774'+.28125'=. 67899'. 
B= .750* - .67899'=.07101'. 



SOLUTIONS AND ANSWERS 




Fig. 391S 

6. C= .1875'(cotangent 30*») = .1875''(1.732) = .3247'. 
D=2.5625''-2(.32470 = 1.913r. 

A = 1.9131*4- .375''=2.288r. 

7. X = .750(tangent 30«) = .750'(.57735) = .4330*. 
Y= 2.5625' -2(.433') = 1.6965^ 

B = 1 .6965'+2(.32470 + .375'' = 2.7209^ 




Fig. 392S 



8. A= 12.8*'(sine 70^) = 12.8' X. 93969= 12.028'. 
SineB=i|||?-.96224. 
B = 74*» 12' 15'. ?=70**+74« 12' 15'=144*» 12' 15'. 




Fig. 393S 



9. C = 43*'(sine40*») = 

43'(.64279) =27.63997'. 

^. , 27.63997 „^„^, 
Sine A = — — — = .86374. 

A =59^ 44' 21'. 

10. B = 180^-59** 44' 21'- 
120** 15' 39'. 



SHOP MATHEMATICS 




11. 



Fig. 394S 

Cotangent A-^^y!^=1.750. A=29« 44' 41'. 

B=r(cosecant 29« 44' 41") = 2.0156^ 

Cosecant C=?^^=5^749. C = 10*» 43' 20'. 

.3/5 

D=29*»44'4r'-10M3' 20' =19** 1' 21'. 

?=2(19M' 21')=38*' 2' 42'. 





12. 



Fig. 395S 
A= .O625'(cotangent 25*») = .0625 '(2. 1445) = .13403'. 
B = .13403'- .0625'= .07153'. 
C=2'-2(.07153') = 1.857'. 
D = 1 '(cotangent 50**) = .83910'. 
E= 1.857'+2(.83910') = 3.5352'. 
?=3.5352''-2(.07153'') =3.3921^ 



A5' 



18. A= 



Fig. 396S 
(2.25'X^) +.525'= .75937'. 




f 



SOLUTIONS AND ANSWERS 



XXXV 



B = 1 .0625'' - .75937' = .30313^ 

Cotangent C = 1^2^ ^ .093755 c = 84*» 38' 39^ 



12 



D= 



.30313' 



cotangent 72° -cotangent 84° 38' 39' 
.30313*' .30313" 



= 1.3113'. 



.32492 -.09375 .23117 
E= 1.3113''(cotangent 72°) = 1.3113''(.32492) = .42607'. 
? = 2.125''-2(.42607'') = 1.27286*. 




^^t^ 



-• ' / 




14. X = 2''(cosine 5° 37' 30") = 
2*'(.99518) = 1.99036". 
S= 2" -1.99036"= 

.00964". 
A =.250"+. 00964"= 
.2596". 

16. Y=2"(sine 5° 37' 30") = 
2"(.09801) = .19602". 
B = 2Y=2(. 19602") = 
.39204", 



Fig. 397S 



16. Cotangent E = ^ = 1.11538. 

13 

E=41°52'40". 
F=90°-41°52'40"= 

48° 7'20". 
A= 13"(cosecant 41° 52' 40") = 

13"(1.49804) = 19.47452". 

17. G=60°-4P52'40"= 

18° 7' 20". 
H=117°-48*7'20"= 

68° 52' 40". 
J =360° -(60°+ 117°+ 90°)=93^ 

K= 19.4745"(sine 18*» 7' 20") = 19.4745" (.311043) = 6.05741". 
B = 6.05741"(cosecaJit 87^) « 6.05741" (1.0014) = 6.06589". 




MS' 



Fig. 398S 



SHOP MATHEMATICS 

L=18ff'-117°=63". 

M = 13"(sme63'')-= 13'(.89101) = 11.58313'. 
N = I3'(coeine 63°) = 13*(.4539») = 6.90187'. 
O = 6.06589'+5.90187' = 11.96776'. 

P=44''3' ir. 

C=11.58313'(cosecant 44=3' 11'). 
C = n.58313'(1.4381)= 16.656'. 




A=6'(9eoant45'')- 
6'(1.4142)=8.4852-, 

D=8.4852-(8inel5=)- 

8.4852'(.25882) = 

2.19614'. 
B = 2.19614'(coBecant28°)-' 

2.19614'(2.13) =4.6778'. 
E=6*(sine32°) = 

6'(.52992)=3.17962'. 
F = 6'(co9me32'') = 

6'(.84805) = 5.08830'. 



D=.125'(sine20°) = 

.125'{.34202) = 

.04275'. 
A =1.500'+. 04275'= 

1.54275'. 
E = .125*(co8ine20=) = 

.125' (.93969) = 

.11746'. 
„ . . „ 1.54275 

Cotangent B=-^^^ = 




6=4° 21' 14'. 

X=20''+4° 21' 14" = 24'' 21' 14'. 

¥=24° 21' 14'. 

C = 90''-24°21' 14'-4''21'14'=f 



SOLUTIONS AND ANSWERS 
EXERCISE 46 



xxxvii 




Fig. 401S 

A=6''+11.9937''=17.9937^ 

2. X = 1 1 .9937'^ - 6*^ = 5 .9937^ 

Z= V9.22- 5.99372 =6.9796'. 

B = 6.9796'+5.9937''- 9.2' =3.7733'. 



\-£^ 




Fig. 402S 



3. Y= 



14.32-72 



Y' = 



2(18.9) 
11.72-8.72 



=4.1135'. 



2(18.9) 



= 1.6190*. 



A = 9. 45' -4. 1135 ' = 5.3365'. 

B= V72-5.33652=4.5301'. 
C = 9. 45'- 1.619'= 7.8310'. 

I)= V8.72- 7.83102 =3.7902'. 
E=Y-Y' = 4.1135'-1.619' = 2.4945'. 
F = B +D=4.5301'+3 .7902' = 8.3203'. 

?= V8.32032+2.49452 = 8.6862'. 



xxxvm 
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Fig. 403S 

A= V 3^-2.5^=1.65 83^ 

B= V7.12- 1.65832 =6.9036^ 
C = 2.5«'+6.9036'' = 9.4036\ 

D = 9.4036*'Xy = 7.8363*. 

?= 7.8363'' -3''= 4.8363'. 




Fig. 404S 
A=i(11.30+1.0336*'=6.6836'. 



C=8.rx 



8.1 



= 9.8165'. 



6.6836 
?-11.3'-9.8165'= 1.4835'. 



SOLUTIONS AND ANSWERS 
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EXERCISE 47 

1. X= l.S-'Ccosine 30°) = 1.5''0866O3) = 1.29904'. 
R= 1(1.1875') = .59375'. 
E = .59375'(cosecaut 45°) = 

.59375'(1.4142) = . 83968". 
C=30°+45°=75°. 
D = .83968'(sme75°) = 

.83968'(.96592) = 

.811064' 
A = .59375'+. 81 1064' - 

1.29904' = .10577'. 

2. B = 2(5) (sine 15°) = 

10(.25882) = 2.5882'. 




Fig. 405S 




1 



/.tf*- 



Fig. 406S 



3. C=180°-48°=132^ 
D = ^(132°) = 66°. 
E = 180°-72°=108*. 
F=i(108°) = 54°. 
G = .375' (cotangent 66°) = 
.375'(.44523) = .16696'. 



H = .375'(cotangent 54°) = .375'(.72654) = .27245'. 
J= 1.8'- (.16696'+.27245') = 1.3606'. 
A =1.3606'+. 750' = 2. 1106'. 



4. B = 5'(sine 48°) = 5'(.74314) = 3.7157'. 



6. C= 

D = 
R= 

A = 



180° -12t 



lo 



=83° 45'. 



^(83° 45') =41° 52' 30'. 
.750'(tangent41°52'30') 
.750'(.89646) = .67234'. 
2(.67234') = 1.34468'. 




Fig. 407S 



6. B= 10'(sine 12 J°) = 10'(.21644) =2.1644'. 



SHOP MATHEMATICS 



7. Tangent of iC= 



JK4.50) 
12 



= .1875. 



iC = 10** 37' 10\ C = 2r 14' 20^ 
A = 10'(sine 2P 14' 200 = 10*'(.36226) 



3.6226' 




Fig. 408S 



8. D = 90*'-10*'37'10' = 

79** 22' 50'. 

E = 39M1'25^ 

F=.5'(cotangent 39** 41' 25") 

= .5*'(1. 2049) = .60245'. 

G = 1 .375' - .60245' = .77255'. 

77255 
Cotangent H =-^-^^ = 1.5451. 

H = 32*'54'42'. 



J= .5'(cosecant 32° 54' 42') = .5'(1.8405) = .92025'. 
K=79*' 22' 50' -32** 54' 42' =46° 28' 8'. 
L=.92025'(sine 46° 28' 8') = .92025' (.725) = .66718'. 
B = .66718'~.5000' = .16718'. 

EXERCISE 48 



1. 



2. 



C=1.18'(secant26°) = 
1.18'(1.1126) = 1.312868'. 

D = 90°+22°-26° = 86°. 

E= 1(86°) =43°. 

F=90°+26°=116^ 

0=^116**)= 58°. 



R« 



1.312868*" 




Fig. 409S 
1.312868'' 



cotangent 43°+cotangent 58** 1.0724+ .62487 
H=E+26°=69°. 
A=2(.77351') = 1.5470'. 



=.77351', 



S = .77351'(cosecant 43°) = .77351 '(1.4663) = 1.1341'. 
T= 1.1341'(sine 69°) = 1.1341'(.93358) = 1.05877'. 
B = 2.250'- (1.05877'+.77351') = .41773'. 



SOLUTIONS AND ANSWERS 
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Fig. 410S 



8. A=i''+i' = .875'. 



B=A'+i'=-5625'. 



C = V.8752 -.56252 = .67023*. D = 2.5*' - .67023" = 1 .8298^ 

1 82Q8 
Cotangent E =-;^ = 3.2529. E = 17*» 5' 18^ 

F=.5625'(cosecant 17° 5' 180 = .5625«'(3.4031) = 1.9142\ 
G= 1.000''+. 250'' =1.25'. 

1.9142 



Cosecant H= 



1.25 



= 1.53136. H=40°46'5^ 



?=H-E=40° 46' 5"- 17° 5' 18" =23° 40' 47'. 



fS:62 s^ ^^\ / 




Fig. 411S 



C = 2.625"(sine 15°) = 2.625" (.25882) = .67940'. 
D = .67940"+1.5" = 2.1794". B=45°-15°=30^ 

E = 2.1794"(secant 30°) =2.1794'(1.1547) =2.51655'. 
A=2.51655"(sine 45°) = 2.51655'(.70711) = 1.7795'. 



SHOP MATHEMATICS 



2(14.500) ■ 

A= ^(14.5')— 1.8707' = 

5. 3793'. 
B- V6'-5.3793'=2.65767'. 
DUmeter=6.00'X^^ = 

21.4473'. 

? = ^(21.4473') = 10.7236'. 
Note: — The two right triangles 





A= Ka^SC+.SOO') = 1.625'. B = i(-500'+.750') = .625'. 

Cosecant C=-^ = 2.600. C=22°37' 10'. 

D=22° 37' 10'+45° 14'=53'' 37' lO*. 
E=A(ame 53° 37' 10') = 1.625*<.80510) = 1.3083'. 
' = .250'+1.3083'+1.375'+1.00'+.875'=4.8083'. 



= 90''-31''='59°. 
= 1.125'(Mne59'')=- 
1.125'(.85717)-. 




SOLUTIONS AND ANSWERS 

B= 3.25' -1.125' -2. 125'. 

C=i(4.250') = 2.125'. 

2 125 
Cotangent D = ^^.l. D=45°. 

E=2.125'(coseeant 45°) =2.125'(1.4142) =3.0052*. 
F= .96432'+.4375' = 1.40182'. 

Sine G = i^^ = .46646. G = 27' 48' 17'. 

H=45°-27°48' 17' = 17° 11' 43'. 
7=2(17° II' 43') =34° 23' 26'. 




Fia. 4158 

1. A = 1 .625' - J{ .37.')') = 1 .4375'. 
B=3.000'+§(,375')-1.875'=1.3125'. 

C ■» 1.4375'(cosine 25°) = 1,4375' (.90631) = 1.30282' 
D=1.3125'(8me25'') = 1.3125'(.42262) = .55468'. 
E=1.30282"+.55468'= 1.8575'. 
?= 1.8575'- J(.375')+.250' = 

2. A=H'+i' = ir- 
8=1' (tangent 45°) = 

.250*. 
C = l}'~.250*=1.500*. 
D = 1.500'(sine45°) = 

1.500'(.707n) = 

1.06066". 
? = 1.06066'+.250'+ 

.200'-1.51066'. 




xKv SHOP MATHEMATICS 

EXERCISE 60 

N+2 22+2' 
1. Outside diameter = ^p-g- = —r— =3'. 



2. Addendum = .;^-:;r = i = . 125'. 



D.P. 



3. Pitch diameter = ^ = ^ = 2.85714'. 

4. No. 5i cutter. 

6. Whole depth =^^ = ^Y^ = . 30814'. 

157 

7. Clearance = -^ = .01744'. 

N+2 N4-2 214-2 

8. If O.D.=3^^; then, Ty.T.=^=^^=7. 

9. Chordal thickness = :f^ = ^^^ = .2242'. 

D.P. 7 

10. Depth to set calipers = jr-^ = -^— — = .14705'. 

11. Z = S I secant ^14^^+^ j J = .2242'(secant 18^ 47' 9') = 

.2242'(1.0562) = .2368'.' 

12. C=^p(cosine^j =iX3'(cosine 4° 17' 9") = 1.5''(.99721) 

1.4958'; or C = i(3.2857"-. 14705' =1.4958.*' 
^ •^^^"= 1184". 



2 2 

S .2242 

2" 2 



= .1121". 



T=C+|+^[tangent(l4i^+|-')] 



1.4958'+. 1184'+.1121'(tangent 18° 47' 9') = 
1.4958'+.1184'+.1121'(.33a49)« 1.6522." 



SOLUTIONS AND ANSWERS 



„/ 3.I416 7 3.1416 



'■ .3142'. 



C = §XJ^=1.1875-. 

D = ixV-= 1-0625'. 
E = JXJ#=.750'. 
F=C+D=1.1875'+1.0625' = 

G = E+C=.750'+1.1S75' = 

1.9375'. 
H = 2.25'(sme 65°) = 2.0392'. 
J=2.25'{co8ine 65°) = .95089'. 
K= 1.9375'-.95089'«.98661'. 




= ^^2^ 



= 2.26 



16. See Article 225. A=.1840', B = .1012'. 




Pitch diameter-^=2.5'. 

K=M2.5')'.1.25'. 

L-K{co8ecant45°) = 1.25'(1.4142) =.1.7677'. 



SHOP MATHEMATICS 



D.P. " " 

Cotangent N = 



= 10.6062. N = 5°23'll 



B=45''+5° 23' ll'=50° 23' 11'. 

Cotangent P = ^^^^ = 9.1671. P=6'' 13' 32'. 

C = 45°-6° I3'32' =38° 46' 28'. 

R=i'(cosine45")=t'X ■70711 = .1178'. 
Outaide diameter = pitch diameter+2(.117S') =2.5'- 
.2356- = 2.7356'. 

S = 4(outside diameter) (cotai^nt 50° 23' 11') = 

i.3678'(.82767) = 1.1321'. 
X=1.900'-1.132r = .7679'. 




FiQ. 433S 



6. Pitch diameter of gear=\*-=5.6'. 

Pitch diamet«r of piiiion = ^=2.6'. 
TanRent of pitch angle A = f| = 2.1538. 
Angle A = 6o°y 41-. 



F = 90°-65° 5' 41' = 24° 54' 19'. 

D = 5(pitch diameter of pinion)(cosecant 24° 54' 19*) im) 
1.3'(2.3746)=3.087'. 



SOLUTIONS AND ANSWERS 
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Cotangent E = -jr— = 15.435. 



E=3°42'24^ 



B=face angle of pinion =24^ 54' 19''+3*' 42' 24*' = 
28°36'43''. 

8. G = .200''(cosine 24° 54' 19") = .200''(.90700) = .1814^ 
O.D. of pinion = pitch diameter+2(.18140 = 2.6''+.3628'' = 

2.9628\ 

9. H = .200'(cosine 65° 5' 41 ") = .200'(.421 18) = .08429'. 
O.D. of gear=pitch diameter+2(.08429')= 5.6"+. 1686" = 

5.7686". 

10. Y=i(O.D. of gear) (cotangent 68° 48' 5')=2.8843"(.38785) 



= 1.1187'. 



EXERCISE 52 



1. 



2. 




7 ^'/// 



Fig. 435S 



C=i(pitch diameter of gear) =i(40)(.5')(|:) =3.1831'. 
D = |(pitch diameter of pinion) = |(15)(.5')(^) = 1.1936". 

[3. 1831 "+ 1 . 1936'(secant 55°)1 (cotangent 55°) 



Cotangent X= 
3.6859 



3.1831 



= 1.1580. 



3.1831 

X=40°48'43". 



E=C(cosecant 40° 48' 43") =3. 1831 "(1.5300) =4.8701". 
F = .3183(C.P.) = .3183(.5") = .15915". 

Cotangent G = ^^ = 30.601 . G = 1 ° 52' 22". 

H=55°-40° 48' 43" = 14° 11' 17". 
B=.14° 11' 17"+1^ 52' 22r=16'* 3' 39'. 



xlviii 
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3. J= .ISOlS-'Ccosine 40^ 48' 43*') = .15915'(.75686) 
O.D. of gear =2(3. 1831 •'+.12045') = 6.6071'. 

4. K= .15915'(cosine 14° 11' 17^ = .15915'(.96950) 
O.D. of pinion=2(1.1936'+.1543') =2.6958'. 



.12045'. 



.1543'. 



EXERCISE 53 




Fig. 441S 

1. A = 2- (.6366)(.5') = 1.6817'. 

2. B = 2-2(.6866)(.50 = 1.3134'. 

3. C = (.50 (45) (.31831) = 7.1619'. 

4. D = 7.1619'+(.6366)(.5') = 7.4802'. 

6. E = i(7.1619'+1.6817') =4.4218'. 
2'-1.2732(.5') 



6. F 



= .6817'. 



7. Let X = pitch. 
ThenA = 3'-.6366X. 
C = X(40) (.31831) = 

12.7324X. 

Center distance = J(A + C) = 

i (12.7324 X +3'-.6366X) = 

i(3'+12.0958X). 

Center distance also = 5.5'; 

therefore, 

i(3'+12.0958X) = 5.5" 

3'+12.0958X=ll'. 

12.0958X = 8". 

8" 

X= = .66139'. 

12.0958 

8. Lead = 2(.66139') = 1.32278'. 




Fig. 442S 



t 



SOLUTIONS AND ANSWERS xlix 

9. A=3*'-.66139''(.6366) =3''-.4210''=2.5790^ 

EXERCISE 54 

1. 40 revolutions. 

2. f X40=^= 17| revolutions. 

3. 1 X 40 = ^ = 4| revolutions. 

4. ^ X 40 = 2^ revolutions. 

6. A must make 3^^ revolutions to cause C to make ^^ of a 
revolution. To take care of the fractional part of a revolution of A, 
the plate must be divisible by 13; therefore, a plate with 39 holes 
is used. 

6. 1^= A; therefore, A would be moved 3 holes in the 39 
circle for t^ of a revolution of the crank. 

7- wffX 40=^^ revolution. 

8. If 1 revolution of A causes C to revolve 9**, to cause C to 
revolve 22**, the crank A must make 22-!- 9 or 2^ revolutions. 

9. 82| revolutions. 

10. If 1 revolution of A causes C to revolve 9**, to cause C to 

21° 27' 21* 7724r 
revolve 2V 27' 21", the crank A must make — or 

or 2 tVsVo revolutions. 

11. While C makes y^ of a revolution, A makes ^^ of a 
revolution. But ^^ equals approximately ^- If A is revolved ^ 
of a revolution, it would be off the difference between ^^ and ^ or 

10 . w rp, 40X27 10X107 10 ^„ ., 

2^^^ of a revolution. Thus, ^^^^-27^^=275007* ^^^" 
D makes ywt ^^ ^ revolution, the plate B and gear E must make 
revolutions. By inverting these revolutions the nimiber 

of teeth in the gears D and E are obtained. Thus, D = 



27X107 

of a tooth and E^Yhr ^^ ^ tooth. By multipljdng both of these 
by 107X27 to clear of fractions, D = 10 teeth and E=27 teeth. A 
better set of gears would be D = 30 teeth and E=81 teeth. Move 
the crank 10 holes in the 27 circle. 



I 
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12. 123 divisions solved by the formula, — =40— (X)(N). 

40^40 

N"'123 
D 



approximately ^• 



-=40-HX123=40-ifF=40-39fl = if=if. 

Move the crank 10 holes in the 31 circle ; D = 30 teeth; E = 93 teeth. 

13. Move the crank 3 holes in the 39 circle; D = 28 teeth; 
E = 26 teeth. 

14. Move the crank 1 hole in the 29 ch*cle; D=27 teeth; 
E=87 teeth. 

EXERCISE 55 



1. 



2. 



1. 



2. 



77 
244 



Ans. t; 7 o 







3 


5 


1 


12 


1 






1 


1 
3 


5 

16 


6 
19 


77 
244 






3 


5 


1 


12 



h h iSr' tV ^' W^ 



EXERCISE 56 



V2= 1.4142= i^i^. 
^ 10000 



1 
2 
2 
2 
2 
2 



10000 

8284 

1716 

1420 

296 

236 


14142 

10000 

4142 

3432 

710 

592 

118 







1 


2 


2 


2 


2 


2 


1 




1 


1 
1 


2 
3 


5 

7 


12 
17 


29 
41 


70 
99 






1 


2 


2 


2 


2 


2 



Am. % =1.41428. 
.0008= Variation. 



9063 

7420 

1643 

848 

795 

795 




7420 

6572 

848 

795 

53 



1 

4 
1 
1 
15 







1 


4 


1 


1 


yi 8 


1 






1 


1 

1 


4 
5 


5 
6 


9 
11 


77 
94 






1 


4 


1 


1 


yi 8 



Am, 



9063 __ i Qo-iA 
7420 "" ^"^^^^' 

11= 1.2208 

.0006= Variation. 



I 



SOLUTIONS AND ANSWERS 



li 



'• •^^^"" 10000 



8143 
7428 
715 
427 
288 
278 



10000 

8143 

1857 

1430 

427 

288 

139 



1 
4 
2 
1 
1 
2 







1 


4 


2 


1 


1 


2 


1 
1 


1 

1 


4 
5 


9 
11 


13 
16 


22 
27 


57 
70 






1 


4 


2 


1 


1 


2 



1^ = .81428 Arts. 
.00002= Variation. 



9000 
8375 


10675 
9000 


625 
425 
200 
200 


1675 

1250 

425 

400 







1 


5 


2 


1 


2 


1 




1 


1 
1 


5 
6 


11 
13 


16 
19 


43 
51 






1 


5 


2 


1 


2 



EXERCISE 67 

L While A makes 9 revolutions, B makes 10.675 revolutions. 
Therefore, A =10.675 teeth and B = 9 teeth. By multipljdng these 
1^ 1000 to clear of fractions, A =10675 teeth and B = 9000 teeth. 
After being reduced by the principle of continued fractions, A =51 
teeth and B= 43 teeth. Thus, 

1 
5 
2 
1 
2 
8 
25 

When A =51 teeth and B=43 teeth, B will make 9Xfi or 10.6744 
revolutions while A makes 9 revolutions. .0006= Variation. 

2. While A makes 7.45 revolutions, B will make 7.99 revolu- 
tions; therefore, A =7.99 teeth and B=7.45 teeth. By multiplying 
these by 100 to clear of fractions, A = 799 teeth and B = 745 teeth. 
After being reduced by the principle of continued fractions, A =74 
teeth and B= 69 teeth. Thus, 

799 
745 
54 
43 
11 
10 
1 

\Vhen A = 74 teeth and B = 69 teeth, B will make 7.45 X^i or 
7.9898 revolutions while A makes 7.45 revolutions. .0002= Varia- 
tion. 



745 
702 
43 
33 
10 
10 


1 

13 

1 

3 

1 

10 
















1 


13 


1 


3 


1 


1 





1 


1 

1 


13 
14 


14 
15 


55 
59 


69 

74 




1 


13 


1 


3 


1 
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Fig. 449S 

3. While the imaginary simple gear A' makes 75 revolutions, 
the imaginary simple gear D' makes 312.653 revolutions; therefore, 
A' =312.653 teeth and D' = 75 teeth. By multiplying these by 
1000 to clear of fractions, A' =312653 and D' = 75000 teeth. After 
being reduced by the principle of continued fractions, A' = 2397 teeth 
and B'= 575 teeth. Thus, 



312653 


75000 


300000 


63265 


12653 


11735 


11735 


11016 


918 


719 


719 


597 


199 


122 


122 


77 


77 


45 


45 


32 


32 


13 


26 


12 


6 


1 



4 

5 

1 

12 

1 

3 

1 

1 

1 

1 

2 

2 

6 

























^ 




4 


5 


1 


12 


1 


3 


1 


1 


1 


1 


1144 


1 






1 


1 
4 


5 
21 


6 
25 


77 
321 


83 
346 


326 
1359 


409 
1705 


735 
3064 


1144 
4769 


1879 


4769 


7833 


735 




4 


5 


1 


12 


1 


3 


1 


1 


1 1 


3064 
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^1144 

1553 <^ 
1962^ 
2371 1 1 735 




>6474 1796 

>8179 1061 

3064 9884 1387. 

1705*; 1713 

8871 2039 

7166 2365 
>5461 

9217 2199 

3756 1873 

9563 1547' 

'5807 1221. 

7858 2116 
'2051 

8550 2359 

I 1464- 

'4448 : 
6845 

9242 1950 

2397 1381 

812: 




575 23X25 

2397°47x5r 



r 75.0003 revolutions, 



When A=51 teeth, B=23 teeth, C=47 teeth, and 
23X25 

51X47 ° 
while D makes 312.653 revolutions. — -r is the first set that can 

be factored; therefore it is the closest set, .0003 = Variation. Many 
other sets may be obtained by simply uniting some of the smaller 
convergents, but the variation will be greater. 
77 + 83 160 10X16 
'' 321+346~667~23X29' 

312.653X^^=74.9985. .0015=Variation. 



D=25 teeth, A will make 312.653X- 



Thus, - 



.1763'. 

.431I-i-J or 2.1555 revolutionB. 

.I027+ii„ or 1.027 revolutions. 



Kv 
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4. While the spindle makes 1 revolution, the lead screw makes 
.5431 revolutions. By inverting these revolutions to obtain the 
number of teeth in the gears to be used, the gear on the spindle = 
.5431 of a tooth, and the gear on the lead screw = 1 tooth. By 
multipljdng these by 10000 to clear of fractions, the gear on the 
spindle =.5431X10000 or 5431 teeth, and the gear on the lead 
screw = 1 X 10000 or 10000 teeth. These numbers are then reduced 
to suitable numbers for gears by the principle of continued fractions. 

Thus, 



1 
1 
5 
3 



10000 

5431 

4569 

4310 

259 


5431 

4569 

862 

777 
85 







1 


1 


5 


3 


^ 2 


1 




1 


1 
1 


1 
2 


6 
11 


19 
35 


44 
81 






1 


1 


5 


3 


^ 2 



If the gear on the spindle had 44 teeth, and the gear on the lead 
screw had 81 teeth, the lead screw would make ^ or .5432 revo- 
lution while the spindle made 1 revolution. The variation = .0001". 

6. MXi'' = . 28125". 



6. To move the slide or tool .3153*', the lead screw must make 
.3153-^^ or 1.8918 revolutions; therefore, while the spindle makes 
1 revolution, the lead screw must make 1.8918 revolutions. By 
inverting these revolutions to obtain the number of teeth in the 
gears to be used, the gear on the spindle =1.8918 teeth, and the 
gear on the lead screw =1 tooth. By multiplying these by 10000 
to clear of fractions, the gear on the spindle = 1.8918X10000 or 
18918 teeth and the gear on the lead screw IX 10000 or 10000 
teeth. These numbers are then reduced to suitable numbers for 
gears by the principle of continued fractions. Thus, 



1 
1 

8 
4 



10000 

8918 

1082 

1048 

34 


18918 

10000 

8918 

8656 

262 







1 


1 


8 


4 


1 





1 


1 
1 


1 
2 


9 
17 


37 
70 






1 


1 


8 


4 



If the gear on the spindle had 70 teeth, and the gear on the lead 
screw had 37 teeth, while the spindle made 1 revolution, the slide 
would move ^Xi' or .3153r. Variation = .00001^ 



SOLUTIONS AND ANSWERS 
EXERCISE 59 

1. WHle the spindle makes one revolution, the lead screw will 
make f-JX |J or -^^ of a revolution. If one revolution of the lead 
screw moves the earriage ^ of an inch, ^^ of a revolution will 
move it ^X^' or .04894', Therefore, the lathe will cut a .04894* 
lead. 

2. While the spindle makes 1 revolution, the imaginary simple 
gear D' makes 1 revolution. Wliile the lead serew makes 4.011 
revolutions, the imaginary simple e^ar C makes 4.011 revolutions. 

If we know the number of revolutions the imaginary simple gears 
D' and G' must make, the number of teeth in them is obtained by 
inverting the revolutions. (See Article 76.) Thus, if D' makes 
1 revolution while G' makes 4,011 revolutions, D' must have 4.011 
teeth and G' 1 tooth. By multiplying these by 1000 to clear of 
fractions, D' = 4011 teeth and G' = IOOO teeth. The factors of 
these numbers are too large for compound gears; therefore, the 
numbers are reduced by the principle of continued fractions, to 
other numbers from which suitable numbers for gears may be 
obtained. (See Articles 240 and 246,) Thus, 



4011 


1000 

990 

10 

10 




4 

90 
1 
10 












2 pi 


4000 






1 


10 


2091 


11 


W 


1 

4 


90 
361 


91 
365 


1000 
4011 


8387 


10 


1900 
7657 


1 




i 


90 


1 


10 












2 96 



1000 
^^1091 
2273 

IIS2; 
2455| 

1273?/ 1000 
91 



8387 
4011 



1909 
1000 



i9117 1727 
IJ474I 
ffi9847 1C45 
4011 >^510G 3472 



|9478 
365 y6197 
2916) 



Since t^= approximately H^f, D' = 5106 teeth, and G' = 1273 
teeth. After factoring (5106=69X74; 1273 = 19X67) and placing 
in proper compound order, D=69 teeth, E = 19 teeth, F = r4 teeth, 
and G = 67 teeth. 
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Check: While tJie spindle makes one revolution, the lead 
screw will make ,„^ or 4.01092 revolutions, which varies only 



3. While the spindle or the imaginary simple gear D' makes 1 
revolution, the carriage must move 3.9248'. To move the carriage 
3.9248', the lead screw or the imaginary simple gear G' must- make 
3.9248-i-J or 15.6992 revolutions; therefore, while the imaginary 
simple gear D' makes 1 revolution, the imaginary simple gear G' 
must make 15.6992 revolutions. 

If we know the number of revolutions the imaginary simple geai^ 
D' and G' must make, the number of teeth in them is obteined by 
inverting the revolutions. (See Article 76.) Thus, if D' makes 1 
revolution while G' makes 15.6992 revolutions, D' must have 
15.6992 teeth and G' 1 tooth. By multiplying these by 10000 to 
clear of fractions, D' = 156992 teeth and G' = 10000 teeth. The 
factors of these numbers are too large for compound gears; there- 
fore, they are reduced by the principle of continued fractions to 
other numbers from which suitable factors can be obtained. (See 
Articles 240 and 246.) Thus, 

10000 



156992 


15 

1 
















Ift 




2 


3 




5 


123 


I m 


-L 
15 


i 


4- 


157 


m\ 


9812 


1931 


502 


5 


15 


1 


2 


a 






7881 




» r 







l^g498 

7567 
^5636 
9341 
3705 
9184 
,5479 
7253 
157^9027 

Since ■^ftfi^= approximately -V^, D'=2088 teeth and G'=133 
... .. , . ■ /2088 .87X24 87X72\ ... 
teeth. After factormg (^^7^=2009/ ""^ P"**^ "> 



r 3.92481* which varira .00001" from the true 



proper compound order, D=87 teeth, E=21 teeth, F=72 teeth, 
and G = 19 teeth. 
Check: While the spindle makes 1 revolution, the carriage will 
87X72 
™°™ 21X19 
value. 

4. While the spindle or gear D makes 1 revolution, the carriage 
must move 3.1429'. To move the carriage 3.1429', the lead screw 
must make 3.1429-^l or 12.5716 revolutions. While the lead screw 
makes 12.5716 revolutions, F and E will make 12.5716X|-| or 
3.1429 revolutions; therefore, while the spindle or gear D makes 1 
revolution, E must make 3.1429 revolutions. 

If we know the number of revolutions the geara D and E must 
make, the number of teeth in them is obtained by inverting the 
revolutions. (See Article 71.) Thus, if D makes 1 revolution while 
E makea 3.1429 revolutions, D must have 3.1429 teeth and E 1 
tooth. By multiplying these by I<HXK) to clear of fractions, D»= 
31429 teeth and E=10000 teeth. These numbers are too large; 
therefore, they are reduced by the principle of continued fractions. 
Thus, 



0000 


31429 
30000 
^429 
1426 
3 


3 
6 

1 




3 


6 


1 


a574 
1426 


m 


1 
3 


i 


7 
22 






3 


B 


1 











Since ^^^J=approximately ^^ = H. D=66 teeth aad E=21 
teeth. 

Check; While tne spindle makea I revolution, the carriage will 
move ffXffXi' or 3.14285', which varies only .00005" from the 
true value. 



EXERCISE 60 

1. While the spindle makes 1 revolution, gear B will make ^ 
revolutions. Then, 1 revolution of the spindle, or ^ revolutions 
of gear B, will move the carriage ^ of an inch. If f4 revolutions 
of gear B moves the carriage if of an inch, to move it .1537', B 

must make — X " or 1.61385 revolutions. Therefore, rfiile the 
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spindle, or geax A, makes one revolution, B must make 1.61385 
revolutions. 

If we know the number of revolutions the gears A and B must 
make, the nimiber of teeth in them is obtained by inverting the 
revolutions. (See Article 71.) Thus, if A makes 1 revolution while 
B makes 1.61385 revolutions, A must have 1.61385 teeth and B 
1 tooth. By multiplying these by 100000 to clear of fractions, 
A =161385 teeth, and B = 100000 teeth. These numbers are too 
large; therefore, they are reduced by the principle of continued 
fractions. 



Thus, 



100000 
61385 
38615 
22770 
15845 
13850 
1995 
1880 


161385 

100000 

61385 

38615 

22770 

15845 

6925 

5985 



940 



1 
1 
1 
1 
1 
2 
3 
2 







1 


1 


1 


1 


1 


2 


3 


57 

92 


1 






1 


1 
1 


1 

2 


2 
3 


3 
5 


5 

8 


13 
21 


44 
71 






1 


1 


1 


1 


1 


2 


3 


;^1 



Since j S o S o o = approximately ff> A =92 teeth, and B=57 teeth. 

Check: While the spindle makes 1 revolution, B will make Jf 

revolutions. If ^ revolutions of B moves the carriage 4^ of an inch, 



»2 



ff revolutions of B will move it t'X^ or .153717*', which varies 

32" 

.000017" from the true value. 

2. While the spindle makes one revolution, gear B will make ^ 
revolutions. Then, 1 revolution of the spindle, or ^ revolutions of 
B, will move the carriage \ of an inch. When A = 47 teeth and B = 
33 teeth, B will make ^ revolutions while the spindle makes 1 
revolution. If ^ revolutions of B moves the carriage 4^ of an inch, 

47 

^ revolutions will move it ^''Xff or .13564'. 



1. 
2. 
3. 



EXERCISE 61 

40X|fXf§=48 revolutions. 



^-4^ X J' = 2.7625'. 



40XffXffXi' = 19.3372'. 




EXERCISE 62 

1, While the spiral makes 1 revolutiou, the table must move 
7.5103 inches. To move the table 7.5103 inches the feed screw, 
or the imaginary simple gear G', miist make 7.5103-i-j or 30.0412 
revolutions; therefore, to cut a 7.ol03-inch lead the iroaginary 
simple gear G' must make 30.0412 revolutions while the spiral 
makes one revolution. While the imaginary simple gear D' makes 
40 revolutions, the spiral also makes 1 revolution; therefore, while 
D' makes 40 revolutions, G' must make 30.0412 revolutions. 

If we know the number of revolutions the imaginary simple 
gears D' and G' must make, the nunober of teeth in them is obtained 
by inverting the revolutions. (See Article 70.) Thus, if D' makes 
40 revolutions while G' makes 30.0412 revolutions, D' must have 
30.0412 teeth and G' 40 teeth. By multiplying these by 10000 
to clear of fractions, D'=300412 teeth, and G'=400000 teeth. 
The factors of these numbers are too largefor compound gears; 
therefore, they are reduced by the principle of continued frnctions 
to other numbers from which suitable factors may be obtmned. 



Thus, 400000 


300412 


300412 


298764 


99588 


164S 


988S0 


1416 


70S 


232 


696 


238 


12 


4 



3 I 60 



1276 
6015 

1276 

1276 

1^3463 

5650 J 1270 

'-21S7 



2912- 



, 4558f^ 

tl7523 6199\ 1276 
\J "^1641 



w: 



6745 



[201 



708 



wq 



8981 

1699 

7282 

1699 

5583 ■> 

1699 S 9467 

3884^ 

■9953 



Since ^ggj^= approximately fjfj, D'=2187 teeth, and G'=2912 
teeth. After factoring (2187=81X27; 2912=91X32) and placing 
in proper compound order, D = 81 teeth, E=91 teeth, F=27 teeth 
and G= 32 teeth. 

■ Check: While the spiral makes 1 revolution, the table will move 
40XHX|iXl* or 7.51302', which varies only .00002". 
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2. While the Bpiral makes 1 revolution, the table will move 
50.0522 inches. To move the table 50.0522 inches the feed screw, 
or the imaginary simple gear G', miiat make 50.0522-^ i or 200.2088 
revolutions; therefore, to cut a 50.0522-ineh lead the imaginarj 
simple gear G' must Toake 200.2088 revolutions while the epiral 
makes 1 revolution. While the ima^nary simple gear D' makes 
40 revolutions, the spiral also will make 1 revolution; therrfore, 
while D' makes 40 revolutiom, G' must make 200.2088 revolutions. 

If we know the number of revolutions the imaginary mmple 
gears D' and G' must make, the number of teeth in them is obtained 
by inverting the revolutions. (See Article 76.) Thus, if D' makee 
40 revolutions while G' makes 200.2088 revolutions, D* must have 
200.2088 teeth and G' 40 teeth. By multiplyii^ these by 10000 
to clear of fractions, D'= 2002088 teeth, and G'= 400000 teeth. 
The factors of these numbers are too large for compound gears; 
therefore, they are reduced by the principle of continued fractiooB 
to other numbers from which suitable factors may be obtfuned. 

Thus, 



400000 
















p^ 




s 


191 


1 


1 




1724 


hlfi 




191 


I9'J 


3R3 


1341 




|o|r 


ii 


95(1 


HIil 


1917 


UlU 


958 




5 


191 






s 


479f) 














\£^ 



1151 
1343 
1635 

1727 
1919 





31X31 
Vl92 12X16" 



SOLUTIONS AND ANSWERS 

Since -^^<^= approximately ffj, D'=961 teeth, and G' = 

teeth. After factoring and raising the factors (7^ = 

93 X 62\ 

■ „ — " 1 and placing in proper compound order, D=93 teeth, 

E = 36 t«eth, r=62 teeth, and G=32 teeth. 

Check; While the spiral makes 1 revolution, the table will move' 
40xf|X|§XT'' or 50.05203", which varies only .00017' from the 
true lead. 

3. While the spiral makes 1 revolution, the table will move 
5.7291 inches. To move the table 5,7291 inches the feed screw, 
or the ima^nary simple gear G', must make 5.7291 -j-j or 22.9164 
revolutions; therefore, to cut a 5.7291-inch lead the imaginary 
simple gear G' must make 22.9164 revolutions while the spiral 
makes 1 revolution. While the imaginary simple gear D' makes 
40 revolutions, the spiral also makes 1 revolution; therefore, while 
D' makes 40 revolutions, G' must make 22.9164 revolutions. 

If we know the number of revolutions the imaginary simple 
gears D' and G' must make, the number of teeth in them are ob- 
tained by inverting the revolutions. (See Article 76.) Thus, if D' 
makes 40 revolutions while G' maJces 22.9164 revolutions, D' must 
have 22.9164 teeth and G' 40 teeth. By multiplying these by 
10000 to clear of fractions, D'=229164 teeth, and G'=400000 
teeth. The factors of these numbers are too large for compound 
gears; therefore, they are reduced by the principle of continued 
fractions to other numbers from wliieh suitable factors may be 
obtained. 

Thus, 



400000 


229164 


229164 


170830 


170836 


58328 


116656 


54180 


54180 


4 US 


53924 


4096 


2.56 


52 


1 20s 


48 






i *^ 


4 


Im 























» 




1 


I 


2 


1 


13 


16 


4 


i 


3591 


lilo 


1 
I 


1 
2 


3 
5 


4 

7 


55 

96 


884 
1543 


3591 
626S 


4475 
7811 


6268 


|n|i 


5359 




I 


1 


2 


I 


13 


16 


4 


1 


9354 
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3591 

884 

.2707 

9162 4530< 884 

7619 U823 

6076 i58S^ 

i533 2762 J( 884 

9672990 939 



1543 

4725 -x 
1543^7907 

3182^ 



1543^4821 
1631 



Since ff^JJ$= approximately ^^, D'=3481 teeth, and G' = 
6076 teeth. After factoring (3481=59X59; 6076 = 62X98) and 
placing in proper compound order, D=59 teeth, E=62 teeth, 
F=S9 teeth, and G=98 teeth. 

Check: While the apirai maltes I revolution, the table will 
move 40XJ5XHXi* or 5.729099', which varies only .000001' 
from the true lead. 



1. 3+^ 



10 



=3.2314 inches. 



2. Coaecant fl = {D.P.)(piteh diameter) -3X10=30; there- 
fore, 9=1" 54' 37'. 

3.1416, 

^dT}' ■' 

3.1416„ 



Lead of the hob =777^(3608111 B) = 
:xl.0005 = .31432'. 



-{secant I ■'54' 37') =■ 



10 



3. l«ad of the gaah=5r(pitch diameter) (cotangent $)~ 
3.1416X3* X29.9831 =282.59'. 

EXERCISE U 

1. While the spindle makes 1 revolution, B will make ^ or 2 
revolutions, and the carriage will move 4 of an inch. If 2 revolu- 
tions of B moves the carriage ^ of an inch, to move it .31432' 

it must make 2X^^- — or 1.8859 revolutions. While the spindle, 

or A, makes 1 revolution, B must make 1.8859 revolutions to cause 
the carriage to move .31432'. 

If we know the number of revolutions the geara A and B must 
make, the number of teeth m them is obtained by inverting the 
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revolutions. (See Article 71.) Thus, if A makes 1 revolution while 
B makes 1.8859 revolutions, A must have 1.8869 teeth and B 1 
tooth. By multiplying these by 10000 to clear of fractions, A = 
18859 t«eth and B = 10000 t«eth. These numbers are too Wge 
for gears; therefore, they are reduced to other numbers by the 
principle of continued fractions. 
Thus, 



10000 
8859 

TITl 
872 
269 


1 
1 
7 
1 
3 
















1 


1 


7 


1 




l^lf 


1 
1 


1 
1 


3 
15 


9 
17 






1 


1 


7 


1 


3 















7987 
872 
807 
Since i^^g§= approximately ^. A=66 teeth, and B— 35 teeth. 

Check: WWle the spintUe makes 1 revolution, B will make ^ 
revolutions. If 2 revolutions of B moves the carriage -J- of an inch 

%% revolutions will move it ^'X^ or .31428', which varies only 
.00004' from the true value. 



2. According to Articles 265 and 266, when the lead of the hob 
is .31428', and the lead of the gash is 282.59', the adjacent teeth 
along any flute will be out of Une ^^^^ ,g of a complete revolution. 




Fio. 462S(a} 

Then, when tooth A is on the center line, the hob must make 
^ ~ goo.i« "' aao-ia °^ ^ revolution to cause tooth B to come on 
the center line; thwefore, when the hob makes ^'^;^* of a revolu- 
tion, the tool must reciprocate 6 times because tiiere are 6 flutes in 
the hob. If 1 revolution of F causes the tool to reciprocate 4 times. 
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to cause the tool to reciprocate 6 times, F would have to make 6+4 
or 1.& revolutions. (See Fig. 462S (b).) 




Fig. 462SCb) 

If we know the number of revolutions the imaginary simple gears 
C and F* must make, the number of teeth in them wUl be obtained 
by inverting the revolutions. (See Article 76.) Thus, if C makes 
IH"'^ of a revolution while F" makes 1.5 revolutions, C must have 
1.5 teeth and F' IH.]^^ teeth. By multiplying these by 90016 to 
clear of fractions, C' = 1.5X90016 or 135024 teeth and F = 
^°^ 1^ X90016 or 89916 teeth. The factors of these numbers 
are too large for compound gears; therefore, the numbers are 
reduced by the principle of continued fractions to other numbers 
for which suitable factors may be obtained. 

Thus, 



89916 


135024 


4S11IH 


89916 


44808 


45108 


4471K1 


44308 


108 


300 


84 


216 


24 


84 


24 


72 
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4lflft 


|i Id 
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2 


449 


901 


890 


:i2y7 


Km 


|oh 


1350 


4951 


ma 






1 


1 


149 


2 


1 


3 


8662 


















i 



Vosi 

4051 (>9001 
1350-^ 



SOLUTIONS AND ANSWERS Ixv 

Since -1^^^^= approximately ^^^y C' = 1350 teeth, and D'=899 
teeth. After factoring (1350=50X27; 899=29X31) and placing 
in proper compound order, C=50 teeth, D=29 teeth, E=27 
teeth, and F=31 teeth. 

EXERCISE 66 

^ ™^v.^- . N(secant 6) 30(1.1034) .^^n^t • u 

1. Pitch diameter = — ■ = — — = 6.6204 mches. 

« ^x 1. J. X N(secant 6) 50(1.3054) ^ ^_ . . 

2. Pitch diameter = ^ — - = ^ — - = 6.527 mches. 

3. Lead of the spiral gear = N ( =rp ) (cosecant 0) = 

?^^^^^^X 2. 3662 =44.6019 inches. 
5 

4. Lead of the spiral gear = N ( fTp- ) (cosecant 0) = 

50X^^^X1.5557 = 24.4364 inches. 
5 

EXERCISE 66 

1. See Article 276. There are 20-^.900 or 22| tmiis of the 
spiral B within the distance of 1 tmn of the spiral A. A straight 
line will cross 22f spaces between the tmns of the spiral B in the 
distance equal to 1 turn of the spiral A; but the spiral A making 
1 turn in the opposite hand from the spiral B crosses 22f +1 or 
23f spaces. If parallel lines are drawn from the intersecting points 
of these spirals to the end, they will divide the circle into 23f parts; 

therefore, X=— r- or ^^ of a complete circle. 

2. Y = 1 — ^^ = f ^ of a complete circle. 

^- ^=22Fl^2rf = lll^^^'^^P^^^ 

4. Y = 1 +y|T = ^^ of a complete circle. 

5. See Article 277. If the part of a complete circle between 
. each of the intersecting points of the spirals is -^i the spiral line A 

must cross 12 spaces between the turns of the spiral B. When the 
hand of the spirals is the same, the one spiral crosses the spaces 
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between the turns of the other spiral once less than a straight line 
would cross; therefore, a straight line would cross 12+1 or 13 
spaces between the turns of the spiral B. If a straight line crosses 
13 spaces within the distance of 10 inches, the lead of the spiral B 
must be IO-t-13 or \% of an inch. 

6. If f ^ is the relation of the intersecting points, the part of 
a complete circle between the intersecting points of the spirals 
must be fH~l or ■^, The spiral line A crosses 200 spaces 
between the turns of the spiral B. The hand of the spirals are the 
same; therefore, a straight Une will cross 200+1 or 201 spaces 
between the turns of the spiral B. Then the lead of the spiral 
B = 102-f-201 or %^ of an mch. 






ifeXERCISE 67 

1. Solution of the index gears. 

Lead of the spiral gear = N ( ^r— - ) (cosecant 6) 



54 X ^^^ X 2.5593 = 144.725^ 



\ 







b 



Fig. 486S 




The feed spiral will be right-handed because a right-hand hob is 
being used. (See Article 274.) The hand of the tooth spiral and 
the hand of the feed spiral are opposite; therefore, according to 
Articles 275 and 276 the part of a complete circle between the 
intersecting points is ^77^* If a left-hand hob feeds down through 
the face of the work, the work must revolve as shown by the large 
arrow; and from this it can be seen that the work must make 

of a revolution, while the hob makes 54 revo- 



or 



ft ft 7 8 • 4 



65 7 9-4 6.") 7 9-4 

lutions, since there are 54 teeth in the spiral gpar. 
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While the hob makes 54 revolutions, the imaginary simple gear 
H' will make 54, When the work makes ^"";* of a revolution the 
ima^nary simple gear E' will make ffff^xao revolutions. 

If we know the number of revolutions the simple gears H' and E' 
must make, the number of teeth in them is obtained by inverting 
the revolutions. (See Article 76.) Thus, If H' makes 54 revolu- 
tions while E' makes |f^|7^X90 revolutions, H' must have °^j||; ^ 
X90 teeth and E' = 54 teeth. By multiplying these by AVs"* **> 
clear of fractions, H' = fff^X90X^^j^ or 328920 teeth, and 
E' = 54X ^V* X 197382 teeth. The factors of these numbera are 
too large for compound gears; therefore, the numbers are reduced 
by the principle of continued fractions to other numbers from which 
suitable factors can be obtained. 

Thus, 



24 



Since ^fj|fj= approximately Jf^, E' = 1316 teeth, and H' = 2193 
teeth. After factoring (1316=28X47; 2193=43X51) and placing 
in proper compound order, E =■ 28 teeth, F = 43 teeth, G = 47 teeth, 
and H =51 teeth. 

Check: When E=28 teeth, F=43 teeth, G = 47 teeth, and H=51 
teeth, the work will make 54X|f Xj^^X^ or %^^ of a revolution 
while the hob makes 54 revolutions. Therefore, the intersecting 
points of the sucessive turns of the feed spiral are out of line 
^ ~ 8£a8 or s^^j! of a complete circle along any tooth spiral being 
considered. From this it can be seen that the tooth spiral crosses 
6580 spaces between the turns of the feed spiral in one complete 
revolution, while a straight line will cross 6580—1 or 6579 spaces 
in the same distance of the tooth spiral. 

If one space of the feed spiral measured in a straight line equab 
.022', 6679 spaces must equal 6579X.022' or 144.738', which varies 
only .009' from the true lead. The variation for a gear one inch 
wide would bo '-^ or .00006'. 
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SHOP MATHEMATICS 



Solution of the feed gears. 

When the feed gears A, B, C, and D all have the same number of 
teeth, the head carrying the hob wiU feed .125'; therefore, the feed 

.• ^ non. * ^ • -125 125 5X25 60X50 

gear ratio for a .020 feed is = = = • 

^cit atuiu a. WW ^^^«» Q2Q 20 2X10 24X20 

Then, A =60 teeth, B=24 teeth, C = 50 teeth, and D = 20 teeth. 

2. When the feed gears A, B, C, and D all have the same num- 
ber of teeth, the head carrying the hob will feed .125"; therefore, 
when A =72 teeth, B=30 teeth, C=50 teeth, and D = 20 teeth, it 

will feed .125*^X ^^0^^ ^^ -^^t^" ^^ •0208333\ 

When E=36 teeth, F=74 teeth, G=24 teeth, and H=39 teeth, 
the work will make 27Xff X^X^ or |-|^ revolutions while the^ 
hob makes 27 revolutions. 




Fig. 487S 
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Since a left-hand hob is being used, the feed spiral must be left- . 
handed. If a left-hand hob feeds down through the face of the \ 
work, the work must revolve as shown by the large arrow; and f. 
when traveling from A to B along the feed spiral, |-|^ or l-rJir 
revolutions are required. Therefore, the intersecting points of the 
ipiBcessive turns of the feed spiral are out of line l:!-^""! or -^^ 
c oif :ii complete circle along any tooth spiral being considered. From 
'this it can be seen that the tooth spiral crosses 480 spaces between 
the turns of the feed spiral in one complete revolution; therefore, 
a straight line will cross 480+1 or 481 spaces in the same distance 
of the tooth spiral. 

If one space between the feed spirals measures .02^*^ or .0208333% 
481 spaces will measure 481 X. 0208333 '' or 10.0208"; therefore, 
under conditions stated in the problem the lead will be 10.0208". 
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